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ABSTRACT 

We present a homogeneous survey of the CN and CH bandstrengths in eight 
Galactic globular clusters observed during the course of the Sloan Extension for 
Galactic Understanding and Exploration (SEGUE) sub-survey of the SDSS. We 
confirm the existence of a bimodal CN distribution among RGB stars in all of 
the clusters with metallicity greater than [Fe/H] = —1.7; the lowest metallicity 
cluster with an observed CN bimodality is M53, with [Fe/H] ~ —2.1. There is 
also some evidence for individual CN groups on the subgiant branches of M92, 
M2, and M13, and on the red giant branches of M92 and NGC 5053. Finally, we 
quantify the correlation between overall cluster metallicity and the slope of the 
CN bandstrength-luminosity plot as a means of further demonstrating the level 
of CN-enrichment in cluster giants. Our results agree well with previous studies 
reported in the literature. 

Subject headings: Globular clusters: individual (M2, M3, M13, M15, M53, M71, M92, 
NGC 5053) - Stars: abundances - Stars: evolution 
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Introduction 



Standard models for the formation of Galactic globular clusters (GCs) have long held 
that they should display little star-to-star variations in their observed atmosp heric elementa l 
abundances. However, observations over the past forty years (beginning with 



Osborn 



19711 ) 



have repeatedly shown this expectation is not fully met, with variations in carbon and 
nitrogen abundance being commonly studied through the strengths of the 3883 A CN and 
4320 A CH absorption bands. For clusters of moderate to high metallicity ([Fe/H] > —2.0), 
significant scatter in light-element abundances has been observed on the red giant branch 



(RGB; e.g. 



Norris fc Freeman 



main sequence (MS; e.g. 



1979 



Suntzefl 



Cannon et al. 



1998 



1981), and in some cases even down to the 



Harbeck et al. 



2003al : 



Briley et al 



20041 ) 



The observed variations in carbon and nitrogen abundance are part of a larger 
light-element pattern that involves enrichment in N, Na, and Mg along with depletion in 
C, O, and Al, and is often studied in cor r elated or anticorrelated abundance pairs (C-N, 



0-N, Mg-Al Na-0, et c.) 



Carretta et al. 



Gratton et al. 



(|2004( ) reviews a number of these studies, and 
(l2009bf ) dramatically increased the number of cluster stars surveyed for these 
variations. There are two independent modes of variation in globular cluster light-element 
abundances: a steady decline in [C/Fe] and increase in [N/Fe] as stars evolve along the 
RGB, and star-to-star variations in the light-element abundances at a fixed luminosity, at 
all evolutionary phases. 

Several hypotheses have been proposed to explain these observed anomalies. The 



progressive abun dance changes on the RGB are believed to be t 



indiv idual stars (ISweigart fc Mengel 



1979 



Charbonnel 



1994 



le result of deep mixing with in 



Denissenkov fc VandenBerg 



20031). beginnin g at the "bump" in the RGB luminosity function ( iFusi Pecci et al. 



Shetrone 



1990; 



20031 ). The hydrogen-burning shell proceeds outward as a star evolves along 



the RGB, eventually (for all stars with M < 2.5M£ 



0) 



Gilroy 



19891) encountering the 
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molecular-weight disco ntinuity 



during first dredge-up flThomas 



eft befiind 



1967 



jy tfie inward reacli of tlie convective envelope 



lb en 



19681 ). Wfien this occurs, the shell's progress 



is delayed as its fusion rate adjusts to the new chemical abundances, causing a loop in 
the star's evolution along the RGB. In a population of coeval stars, this produces an 
enhancement in the differential luminosity function. Once the shell begins to proceed 
outward agai n, the molecular-weight gradient i t experiences is lower, and the process of 



deep mixing ( jPenissenkov fc VandenBerg 



20031 ) begins to operate, transporting material 



between the hydrogen-burning shell and the surface and continuously adjusting surface 
carbon and nitrogen abundances. 



Ea rly st udies of star-to-star light-element abundance variations (e.g. ISuntzefa Il98ll : 



Langer 



19851 ) suggested that deep mixing might be responsible for the C-N variations at 



fixed luminosity as well as the progressive abundance changes along the RGB. However, 
variations in sodium, magnesium and aluminum are difficult to explain as a result of 
mixing within RGB stars since they require higher temperatures than are reached in the 
hydrogen-burning shell. Internal mixing is also not a good explanation for light-element 
abundance variations in main-sequence stars, since they do not have the ability to conduct 
either high-temperature fusion or mass transport between their cores and surfaces. 

The presence of these abundance variations at all evolutionary phases implies some 
form of unexpected enrichment within individual clusters prior to, or shortly after, their 
formation. Some researchers have suggested that the primordial gas cloud fr om which a 
given cluster f ormed may have initially been chemically inhomogeneous (e.g. ICoherull978l : 



Peterson 



19801 ). A variation on this hypothesis appeals to cluster "self-enrichment." Rather 
than assuming all stars in a given cluster are co-eval, it is assumed that an additional 
population(s) of stars formed, with compositions affected by the gas expelled by supernovae 
and/or strong stellar winds from intermediate-mass asymptotic giant branch (AGB) stars. 
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While each hypothesis has its merits and weaknesses (see iGratton et al.ll2004j . for a complete 
review), no single model accounts for the full set of observed light-el ement abundance 



variations in GCs - i t remains possible that each may play a role (e.g. 



Martell et al 



Decressin et al. 



20091 ). 



2008c : 



One of the strongest constraints on the proposed scenarios is the fact that, in the 
majority of moderate- to high-metallicity GCs, the CN abundance distribution is bimodal 
The self-enrichment scenario accommodates this observation most naturally, with the 
CN-weak and CN-strong groups representing the first and second populations of stars to 
have formed in the cluster, respectively. This idea has received increasing recent support, 
as improved photometric measurements have reveale d the presence of multiple subgiant 



branches (SGBs) and main sequences in many GCs (IBedin et al. 



200 



Piotto et al. 



20071 ). 



Spectroscopic ab undance analyses haye also begun to re veal distinct sequences on the RGBs 



of some clusters (IMarino et al 



2008 



Lardo et al. 



20111). In addition, studies of the spatial 



distributions of stars in clusters with a ccurate photornetry have revealed the pre sence of 



correlated differences in U — B colors ( ICarretta et al. 



2010 



Kravtsov et al. 



20111), which 



suggests variations in chemical compositions within the cluster. 



In this paper we use ava ilable photometric and spectroscopic dat a from Data Relea se 7 



(DR7; 



Abazajian et al 



York et al 



2000) to 



120091 ) of the Sloan Digital Sky Survey (SDSS; 
examine the CN and CH bandstrength distributions for stars in eight GCs, including stars 
from the upper RGB to, in some cases, 1-2 magnitudes below the main sequence turnoff 
(MSTO). We show that there exists a clear bimodal distribution in CN bandstrengths for 
clusters with [Fe/H] > —2.0. Other interesting CN bandstrength variations are suggested 
to exist among the three clusters in our sample with [Fe/H] < —2.0. 

This paper is organized as follows. In Section [2] we briefly describe our data and the 
cluster membership selection process. In Section [3] we define the adopted CN and CH 
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indices for stars in various stages of evolution. We then compare the derived CN and 
CH distributions in Section HI In Section we search for any correlations between these 
distributions with the global cluster parameters. Finally, our results and implications are 
discussed in Section |6l 



Observational Data 



The SDSS and its extensions have acquired uqri z photometry for s everal hundred 



million stars; the most recent public release is DR8 ( lAihara et al. 



Extension for Galactic Understanding and Exploration (SEGUE; 



2011). The Sloan 



Yanny et al. 



20091 ) 



one of three sub-sur yeys that together formed SPSS 



footprint of SDSS-I (|Fukugita et al 



1996 



Gunn et al. 



h ex t ended the uqriz 



1998 



York et al. 



2000 



imaging 



Gunn et al. 



2006 



Stoughton et al. 



2002 



Adelman-McCarthy et al 



Abazaiian et al 



2006 



2007 



2003 



2004 . 



2005 



2009 



Pier et al. 



20031: 



20081 ) by approximately 3500 deg^, and also obtained 



R ~ 2000 spectroscopy for approximately 240,000 stars over a wavelength range of 
3800—9200 A. This included spectra for a collection of Galactic globular and open clusters, 
which served as calibrators for the Teg, log and [Fe/H] scales for all stars ob served by 



SPSS/ S EGUE, as processed 



2008a 



b 



jy the SEGUE Stellar Parameter Pipeline (SSPP; 



AUende Prieto et al. 



Lee et al. 



20081 ). Tables [T] and [2] hst the photometric, spectroscopic. 



and physical properties of the eight GCs in our sample. The SSPP produces estimates of 
Teff, log g, [Fe/H], and radial velocities (RVs), along with the equivalent widths and/or 



line indices for 85 atomic and molecular absorption lines, by processing t 



le cahbrated 



spect ra ge nerated by the sta ndard SPSS spectroscopic reduction pipeline (IStoughton et al. 



2002). See 



Lee et al 



Smolinski et al 



2008al ) for a detailed discussion of the approaches used by the SSPP; 



20 111 ) provides details on the most recent updates to this pipeline, along 



with additional validations. 
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Membership selection for the clusters is based o n the color-magnitude diagram (CMD) 



mask algorithm described by 



Grillmair et al 



method to our specific clusters are described by 



(Il995h. Peta l 



Lee et al. 



s on th e ap plication of this 



fl2008bf ) and 



Smolinski et al. 



( I2OIII ). and will only be briefiy summarized here. The procedure involves a series of cuts, 
reducing the overall sample to include only those stars for which one can reasonably claim 
true membership. First, all stars within the tidal radius of the GC are selected. Stars with 
available spectra but with (S/N) < 10 (averaged over the entire spectrum), or that lacked 
estimates of [Fe/H] or RV, are excluded. A CMD is then constructed of the remaining 
stars, along with a CMD of stars in a concentric annulus designated to represent the 
field. A measure of the effective signal-to-noise in regions of the CMD is obtained, where 
the "signal" in this case constitutes those stars within the tidal radius and the "noise" 
constitutes those stars within the field region. Cluster-region stars within segments of the 
CMD above a threshold signal-to-noise are then selected. Finally, Gaussian fits to the 
highest peaks in the [Fe/H] and RV distributions of those stars (expected to represent the 
cluster) are obtained, and stars within 2a of the mean in both [Fe/H] and RV are considered 
true member stars. This procedure results in the following numbers of true member stars: 
M92 (58), M15 (98), NGC 5053 (16), M53 (19), M2 (71), M13 (293), M3 (77), and M71 (8). 
Figures [1] and [2] show the final CMDs for these eight globular clusters. 



Membership selection for M71 was complicated due to difficulties enco untered with th e 



photometry values ay ailable for this cluster at the time of our analysis (see 



An et al. 



2008 



Smolinski et al. 



20111). This made the CMD mask algorithm less reliable for selecting likely 
spectroscopic members. Therefore, stars inside the tidal radius were selected and passed 
on to the final [Fe/H] and RV cuts, with those stars that had questionable photometry 
excluded from consideration. As a result, only eight stars with available spectroscopy made 
it through the final cut for this cluster. 
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3. CN Bandstrength Distribution 



A common approach for investigation of the star-to-star light element abundance 



(iNorris fc Freeman 



Pancino et al 



1979 



measurement of the 3883 A Cr 


mo 


ecular absorption band 


Norris et al. 


1981 




Smith et al. 


1996 




Harbeck et al. 


2003a 


b 



20101). This measurement does not require high-resolution spectroscopy, 
making it ideal for low-resolution spectroscopic surveys such as SDSS. The feature is 
typically measured using a spectral index defined as the magnitude difference between 
the integrated flux within a wavelength window containing the absorption band and 
the integrated flux within a sideband representing the continuum. However, the precise 
definition of this spectral index is often varied according to the luminosity class of the stars 
under consideration, due to the presence of other temperature-dependent absorption lines, 
such as at 3889 A, that can potentially interfere with the adopted continuum window. 
In this section, we describe the CN spectral indices used for each region of the CMD and 



their observed distributions. 



3.1. CN Absorption on the Red Giant Branch 



We measured the strength of the CN absorpt i on ba nd at 3883 A in RGB stars using 



the spectral index S(3839) defined by 



Norris et al. 



(1l98lh : 



5(3839)i 



-2.5 log A^'^'^'^^"^^ 



r<3883 ■ 
'3883 -"-^^ 



where Ia is the measured intensity, and the subscript indicates it is from the 



Norris et al. 



( 1198 ll ) definition. Figure |3] shows the blue regions of SDSS spectra for two RGB stars in 
M3. The line-band and comparison-band windows are indicated. These two stars were 
selected because they have similar effective temperatures and apparent (yf-band magnitudes 
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(indicating similar luminosities on the RGB), as well as nearly identical Ca II and CH 
G-band strengths (indicating similar metallicities and carbon abundances). Despite these 
similarities, they exhibit clear differences in their CN 3883 A absorption strengths. 

The formation efficiency of the CN molecule is temperature dependent, where cooler 
effective temperatures allow increased molecular formation. When one looks at a population 
of stars, one therefore sees an increased ability for molecular formation moving up the CMD. 
While the majority of MS stars (aside from the coolest ones) have effective temperatures 
too high for significant molecular formation, the ability for this molecule to form on the 
SGB and RGB increases with luminosity as the star expands and its surface temperature 
drops. The result of this is that, all things being equal, we expect to see increased CN 
absorption on the RGB when compared to the SGB and this effect must be accounted 
for in the analysis prior to inferring any abundance differences. Furthermore, for clusters 
of moderate metallicity, when the CN aborption strengths are plotted as a function of 
luminosity or temperature, two groups generally appear - one CN-weak (sometimes referred 
to as CN-normal), the other CN-strong (enriched). A linear relationship is then fit to 
the CN-weak locus, and the vertical difference in S(3839)n between each point and the 
baseline is measured, as illustrated for M3 in the bottom-left panel of Figure HI This 
vertical difference is denoted as 5S(3839) n, and is taken to be a temperature-corrected 
measure of CN absorption. The other panels in this figure are generalized histograms of 
this temperature-corrected index for our sample of clusters, discussed in detail below. The 
raw and corrected values are listed for each cluster in Table [3l 

The slope of the relationship between CN bandstrength and luminosity is metallicity 
dependent, so each cluster must be corrected individually prior to constructing comparisons 
across the sample. Figure [5] shows this relationship between the CN slope and [Fe/H], 
obtained by dividing our entire sample into 0.1-dex wide metallicity bins and fitting a line 
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to the CN-weak locus of each bin. Note the trend of decreasing CN slop e with decreasing 



Martell fc Grebel 



[Fe/H ], which is similar to the trend for field giants from DR7 reported by 
( 201ol ). When the slope of each panel in their Figure 6 is plotted as a function of metallicity. 
we obtain a linear relationship for field giants: 



CN Slopcfi^id = -0.17 - 0.08[Fe/H] 



(2) 



The expression obtained for our sample of cluster RGB stars is: 



CN Slope,!,,,,, = -0.18 - 0.07[Fe/H], 



(3) 



and is statistically equivalent to the field giant relationship (o"siope = 0.04, cTintercept = 0.07). 
The data point corresponding to [Fe/H]= —1.40 has been omitted from this linear fit as an 
outlier. 

It is difficult to draw a direct comparison between the two samples due to their differing 



mass functions. The cluster giants are all exclusively old and span a relatively smal 



in mass at any given value of M^, whereas the field giants from th^ 
sample potentially span a much broader range of ma ss and age 



Martell fc Grebell (120 101 ) 



range 



Simi 



Martell fc Grebel 



aritie s between 
2010, for further 



these relationships may hint at a common origin (see 
discussion) . 

Figure E] shows the distribution of 5S(3839)n as a function of absolute (^-magnitude. 



^Figure 6 in iMartell fc Grebell ( l2010l ) plots CN versus absolute M^, whereas we use ab- 
solute Mg. Because these are all RGB stars with the same {g — r)o ~ 0.5, converting Mr to 
Mg should only produce an essentially uniform shift of all stars in each plot, not affecting 
the slopes significantly. 
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V alues for both RGB and SGB stars are shown, calculated using the CN index definition 
of 



NorrisetaL 



(Il98lf ). Blue triangles represent SGB stars, while red circles represent RGB 
stars, with filled and open symbols indicating CN-strong and CN-weak stars, respectively. 
While a small amount of scatter exists for the most metal-poor clusters (M92, M15, and 
NGC 5053), no separation that would indicate a bimodal distribution is obvious, consistent 
with Figure HI For the remaining five clusters at higher metallicity, starting with M53 at 
a metallicity of [Fe/H]= —2.06, two distinct populations of stars in 5S(3839)N-space are 
apparent. 

For M3, a small number of possible AGB stars are noted in the figure with black 
symbols. The majority of these stars appear CN-wea k, with only one CN-str ong AGB star. 



Campbell et al. 



torn , who found 



This result is similar to the observations reported by 
that, in a sample of nine Galactic GCs, all showed either a total lack of CN-strong AGB 
stars or a significant depletion of CN-strong AGB stars compared to those present on the 
RGB. These authors noted that no current explanation exists in standard stellar evolution 
theory as to why stars on the AGB should have reduced CN abundances compared to the 
RGB, particularly because the low effective temperatures should be suitable for similarly 
efficient molecular CN formation. In principle, increased mixing both on the RGB and 
at the beginning of AGB ascent should contribute more N (and thus stronger CN) to the 
stellar envelope, which should be apparent in surface abundance measurements. Such a 
discrepancy has be en noted for a long time; two possible explanations were proposed by 



Norris et al. 



( 119811 ). First, if two chemically distinct populations in the cluster existed after 
star formation ceased, one of which was helium-rich and evolved to populate the blue end 
of the horizontal branch (HB), but never ascended to the AGB, this might lead to the 
deficiency of CN-strong stars. The second explanation hypothesized that increased mixing 
in some stars produced increased CN abundances, but also led to increased mass loss at the 
RGB tip, producing stars populating the blue end of the HB that never ascended the AGB. 
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The problem remains unsolved, and requires additional work. 



Adopting the corrected values obtained from the above procedure, we produced a 
generalized histogram of the 5S(3839)n distribution for each cluster, shown in Figure HI 
This was accomplished by representing each point as a Gaussian, centered on 58 (3839) n 
with a FWHM equal to the uncertainty of that particular 58 (3839) n measurement, and then 



adding the individual 
was determined as in 



Gaussians together. Th e uncertainty for each S(3839)n measurement 



Martell fc Grebell (120101 ) . using a Monte Carlo approach. Each pixel in 



the error vector produced by the SDSS spectroscopic reduction pipeline was multiplied by 
a factor between and 1, drawn from a normalized distribution. This new vector was then 
added to the data vector and the indices were remeasured. This process was repeated 100 
times and the standard deviation was taken to be the uncertainty. Naturally, the resultant 
uncertainties are related to the S/N of the spectra; uncertainties for the high-S/N spectra 
were much lower than the typical uncertainties found in the literature. For this reason, 
recent studies have sometimes smoothed their histograms to make them more directly 
comparable to past studies. Smoothing the histogram also helps eliminate any artificial 
substructure in the distribution created by small number statistics, while additionally 
accounting for unidentified sources of uncertainty. 

In Figure HI the clusters are arranged in order of increasing metallicity, from left to 
right, top to bottom, and represent the 5S(3839)n distribution on the RGB for each cluster. 
Many of these clusters ha ve been s tudied previously, so comparisons can be made with 
our present observations. ISuntzeffl ( ll98ll ) reported a bimodal distribution in CN indices 



in M3 and M13 on the upper RGB (stars mo re luminous than t 



for M3 was confirmed on th e upper RGB by 



on the lower RGB of M3 bv iNorris fc Smithl fll984l ). 



Smith et al. 



le HB ). T h is obs ervation 



1996) and 



Smith et al. 



Led (11999[ l. and 



(119961 ) also report CN 



bimodality among M13 RGB stars, and the proportions of CN-strong stars we observe in 
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these two cluste r s agre e well with those reported by ISuntzefla (Il98ll ). M2 was studied by 



Smith fc Mated (119901 ) and shown to have a bimodal CN distribution, also matching in 



proportion to that seen in our data. 



Studies of M71 by 



Smith k NorrisI (11982f ). Iheel mm . and 



Alves-Brito et al. 



mm all 



report CN bimodality on the RGB. Evid ence for bimodality is fo und in our data as well 



at the same level as observed for 47 Tu c (INorris fc Freeman 



metallicity to M71. It is interesting that 



Alves-Brito et al. 



19791) . which is of comparable 



(|2008[ ) have claimed the existence 



of CN-strong AGB stars in their sample. As mentioned above, nearly all CN observations 
of AGB stars have demonstrated a depletion in CN, which makes their observation unique. 
It is possible that M71 is so metal-rich compared to other GCs studied to date that this 
encourages additional CN enrichment on the AGB, in spite of whatever mechanism might 
be causing the depletions in other cluster AGB stars. However, if this were the case, one 



might expect some manifestation on the RGB as well, in 



CN-strong to CN-weak stars. Yet, in the 



: he for m of a higher ratio of 



Alves-Brito et al. 



(120081 ) sample the ratio is only 



0.3. Further investigation of AGB stars in M71 would be o f interest to de termine whether 



Mallial (119781 ) reported a large 



their observations are representative of the cluster. Note that 
fraction of CN-strong AGB stars in 47 Tuc, so we might expect to find a similar fraction in 
M71. 



Moving 



to the 



Martell et al. 



Fe/H] < —2.0 regime, M53 has not been extensively studied. 
( l2008bl ) reported a broad but not strongly bimodal distribution of CN 
absorption strengths in their sample of upper RGB stars (brighter than the RGB bump), 
where deep mixing is expected to have altered the stellar surface abundances. Their Figure 
6 shows a generalized histogram for M53 that is similar to ours in Figure HI but theirs 
appears slightly narrower and smoother (though in fact our histogram has been smoothed 
by a larger factor than their distribution). When our 5S(3839)n values are combined with 



- 14 - 



their s, producing a sample spanning nearly the entire RGB, a KMM test (j Ashman et al. 



19941 ) indicates that the hypothesis that the observations are drawn from a single Gaussian 
parent population can be rejected at high statistical confidence {p = 0.05). The generalized 
histogram for this combined data set is shown in Figure [TJ where the individual data sets are 
also indicated. The distribution clearly indicates the presence of a CN-strong component, 
with a ratio of CN-strong to CN-weak stars of 0.61, suggesting a population of CN-strong 
stars in the cluster with a range of enrichment levels. 

We no w consider the other very metal-poor clusters in our sample: M92, M15, and 
NGC 5053. 



Carbon et al. 



( 119821 ) studied carbon and nitrogen abundances in M92 from 
the SGB to the AGE, and reported a general decrease in C abundances moving to higher 
luminosities, but no correlation or anticorrelation between the C and N abundances. 
Instead, they determined that the total number of C+N atoms varies from star to star 
within the cluster, an observation at odds wit h predictions that the sum ought to remain 



Trefzger et al 



fll983[ ) regarding M15 - C 



constant. Similar conclusions were reached by 
abundance drops as one moves up the RGB, but N abundance remains on average the same, 
although w ith some uncorrelated star-to-star variations. A more recent study of M15 by 



Led (120001 ) also failed to detect reliable evidence of CN bimodality, although they confirme d 



the ex istence of a very small number of CN-enriched stars, also reported by 



fll992h 



Langer et al 



A recent study by 



Shetrone et al. 



(120101) of NGC 5466 ([Fe/H] ~ -2.2) suggested the 
possible presence of two CN groups, with a small mean separation of only 0.055. They 
noted that the generalized histogram of their RGB stars was not well-described by a single 
Gaussian fit. In a similar fashion, we examined the generalized histograms for RGB stars 



in the very metal-poor clusters M92, M15, and NG C 5053. Figure 



for these clusters, as well as that of NGC 5466 from 



Shetrone et al 



shows the histograms 



torn , fit with a single 
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Gaussian; residuals are plotted in the insets in each panel. The residuals from the fits to our 
three very metal-poor clusters are clearly larger than those of NGC 5466, suggesting that 
our data also may not be well-described by a single Gaussian population. However, a KMM 
test for each cluster (including NGC 5466) cannot reject the null hypothesis that a single 
population well-describes the observed data, indicating that hints of the non-Gaussian 
distributions in our data may simply be due to small-n statistics. If these clusters possess 
multiple CN behaviors, they may not be discernible within the present measurement 
uncertainties. Due to the fact that double-metal molecules like CN are particularly difficult 
to observe at low [Fe/H], this problem could be solved by measuring individual element 
abundances rather than molecular bandstrengths. 



3.2. CN Absorption on the Subgiant Branch and Main Sequence 



Perhaps the most intriguing observations of the CN bimodality phenomenon are to 
be found among stars in the relatively unevolved regions of cluster CMDs. Contrary 
to predictions of standard stellar evolutionary models, significant variations in CN 



(eg. 


Brilev et al. 


2002 


Cohen et al. 


2002). 


(Cannon et al. 


1998 


; I 


iarbeck et al. 


2003a) 


stars have produced mixed results. 


Cohen 



20021). even down to the main sequence in 47 Tuc 



2003a ). Howe ver, searches within other cluster MS 



(Il999a[ ) reported no significant CN variation for 



MS/MSTO stars belonging to M13, altho ugh the CN features in their spectra were shown 



to be too weak for reliable measure ment (iBrilev &: Cohen 



abundance analyses of these stars by 



Brilev et al 



200ll ). Carbon and nitrogen 



(120041 ) showed that this was likely due to 



the fact that there is very little change in bandstrength for a given change in abundance at 
luminosities near the turnoff, where effective temperatures are relatively high compared to 
MS and giant stars (see their Figure 2). Main sequence stars in M71 have been claimed 
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to exhibit CN bimodality at a level larg er than the me asurement uncertainty, as well as 



an anticorrelation between CN and CH (j Cohen 



1999bl ). Follow-up analysis of this data 



further showed that the variation is at the same level as that observed for RGB stars in 
that cluster, leading the authors to claim that no significant mixing is occurring on the 
RGB (although this could also simply mean that first dredge-up did not significantly affect 

:he abundance variations were in 



the surface carbon and nitrogen ab undances), and that t 

3 



place at the t ime t he stars formed ( iBriley &: Cohe: 



Kayser et al 



20011 ). In their sample of eight GCs, 



(|2008[ ) found no statistically significant variation in CN abundance for stars on 
the MS and SGB, but they again attribu ted that to low S/N spectra producing relatively 



large measurement uncertainties. Finally, 



Pancino et al. 



(120101 ) reported CN bimodality for 



MS stars in four of their most metal-rich clusters among a sample of 12 clusters. Clearly, 
minimizing measurement uncertainty plays a vital role in addressing the question of CN 
abundance variations on the MS, and further observations of larger samples of MS stars are 
needed for improved statistical certainty. In this section, we report on the MS/SGB stars 
observed for four clusters in our sample. 

We measured the strength of the CN a bsorption band at 388 3 A on the main sequence 
using the spectral index S(3839) defined by 



Harbeck et al. 



fl2003aD for MS stars: 



^(3839)H = -2.51og^^l^. (4) 

J3894 ^^^-^ 

Uncertainties and (5S(3839)h values were calculated the same way as described in Section 
13.11 Figure E] shows the distribution of (5S(3839)h values for the four clusters that have 
SEGUE spectra for stars on the MS - M92, M15, M2, and M13 (in order of increasing 
[Fe/H]). A large amount of scatter is apparent, but not when compared to the typical 
uncertainty indicated by the error bars shown in the upper right corner of each panel. 
Furthermore, inset in each panel is the distribution of 5S(3839)h as a function of (S/N), 
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which shows that the source of this scatter may he in the relatively low S/N of the spectra 
for these faint stars. The decrease in CN strength near 4 is not unexpected, since this 

corresponds to the turnoff where the effective temperatures are the highest (and thus CN 
molecular formation is at its lowest), but one would expect that CN bandstrengths should 
essentially all increase for luminosities below this point again, as it does for luminosities 
higher than this point, rather than simply increasing in dispersion. Generalized histograms 
of the 5S(3839)h values for these four clusters are shown in Figure [TOl No indications of 
bimodality are seen, suggesting that when the relatively larger uncertainties are taken 
into account, nothing statistically significant stands out. Although the residuals (see 
inset panels) are asymmetric and, in the cases of M92 and M13, double-peaked, we see 
nothing indicating the presence of two populations of stars. It seems more likely that 
the asymmetries in the figures are simply due to finite sampling from a single Gaussian 
distribution. A KMM test fails to reject the hypothesis that these data were drawn from 
a single Gaussian parent population. Further observations with smaller uncertainties 
are needed to determine whether the observed distributions' asymmetries are due to the 
presence of two distinct populations or not. 



The 



Norris et al. 



SGB, although the 



(119811) defini t ion for the CN index was used for stars located on the 



Harbeck et al. 



( l2003al ) definition is also valid. Figure [TT] shows the 
distributions of 5S(3839)n abundances on the SGB for the same four clusters as in Figure 
[TOl The histograms for M92, M2, and M13 appear to provide evidence of independent CN 
groups. The solid blue lines and dashed black lines are as before, while the red dotted curves 
provide the generalized histograms for the proposed CN groups on the SGBs of each cluster. 
Insets in each p anel again show the differences between the data and the superposed single 



Gaussian curve. ICohenI (jl999af ) looked for CN variations on the upper MS /MSTO region of 
M13 and reported nothing significant; however it appears that our data does indicate the 
presence of CN variation on the SGB of this cluster. These observations indicate that, for 
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very metal-poor clusters such as M92, as well as for clusters with moderate metallicity such 
as M2 and M13, there appear to be signs of enhanced N enrichment well before the point of 
first dredge-up. These issues are explored further below. 

3.3. Hidden Substructure in Generalized Histograms 

While generalized histograms are a more natural representation of the distribution 
of data than binned histograms, it is important to consider the impact of any adopted 
smoothing factors. Smoothing factors are sometimes used to produce a histogram that more 
closely resembles those of past studies by multiplying the uncertainties of each data point 
by some appropriate factor. This is also done to account for any sources of uncertainty that 
may have been overlooked. One may choose to adopt a smoothing factor which produces a 
distribution that is comparable to past studies, but choosing a smoothing factor that is too 
high may wash out important details in the data. 

To study the potential impact of smoothing on the generalized histograms of our 
clusters, we divided up the CMDs for the four GCs with full CMD coverage into several 
regions - RGB above the bump (where the RGB bump was identified), RGB, SGB/MSTO, 
and MS. We then looked at the 5S(3839) indices for stars in each region and produced two 
generalized histograms, one smoothed to match the observational uncertainties of previous 
studies (solid black line) and one unsmoothed (dashed red line), shown in Figures [T^ - [TH 
Because measurement errors from previous studies are typically ~ 0.05, when our typical 
Monte Carlo-calculated uncertainties were smaller than this they were amplified (smoothed) 
by an integer factor (shown in each panel) to approximate the errors from previous studies. 

Naturally, the unsmoothed lines exhibit more potential substructure, but one must still 
determine what level of substructure is meaningful. This can be qualitatively estimated as 
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a function of the number of stars used in the bin and the relative peak sizes. For example, 
while the RGB of M92 (Figure [T^ appears to exhibit substructure in the unsmoothed 
histogram, the paucity of stars in this region of the CMD obviates this claim (the CN-strong 
peak only has one star). As mentioned above, for very metal-poor clusters such as M92 and 
M15, it is expected that the difference between CN-strong and CN-weak groups should be 
smaller when measuring the S(3839) index. At the metallicity of M92, this difference is 
expected to be on the order of 0.1, suggesting that if more data were available we might be 
able to determine whether the apparent substructure is real or merely an artifact of small 
number statistics. 

From inspection of the RGB of M15 (Figure [T3l) . we again see possible asymmetries in 
the upper regions that may be associated with substructure. However, a KMM test for this 
portion is again unable to reject a single Gaussian parent population. 

At more moderate metallicities, M2 (Figure [T^ and M13 (Figure [T5|) exhibit very 
clear signs of CN variation on the RGB. The uppermost region of M13 is at a luminosity 
above the RGB bump, suggesting that the increase in CN is likely due at least in part to 
the deep mixing thought to occur at that point. Figure [T5] depicts the expected appearance 
of stronger CN bandstrengths as stars evolve up the RGB, although a group of CN-weak 
stars always remains present. It is also worth noting that initial variations first appear on 
the SGB, as seen in the right-hand panel (c). 

4. CH Bandstrength Distribution 

While investigation of CN bandstrengths can provide some insight into possible 
chemical inhomogeneities within cluster stars, CH absorption strength is also typically 
considered as a means of distinguishing between nitrogen abundance behavior and carbon 
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abundance behavior. This is generally done by measuring the absorption strength of the 
4300 A CH G-band and comparing with the CN bandstrengths. Previous studies of cluster 
giants have shown that, at a given luminosity, the CN- strong stars tend to h ave weak CH 



Gratton et al. 



( I2OOOI ) demonstrated 



G-bands, implying nitrogen enhancement. Additionally, 
that the general behavior in clusters is that the CH bandstrength decreases with increasing 
luminosity, while the summed ratio [(C+N)/Fe] remains constant - again indicating the 
presence of nitrogen enhancement as stars move up the RGB. However, these abundances 
are not predicted by standard stellar evolution models to change significantly along the 



RGB between first dredge- up and helium flash ( Ilbenlll964j ). at least without the assumption 
of additional mixing. 



Many de 


initions of indices t 


lat measure the CH G-band have been employed 




(Norris et al. 


1981; 


Trefzeer et al. 


1983; 


Brilev & Smith 


1993; 


Lee 


1999; 


Harbeck et al. 




2003a 


b; 


Martell et al. 


2008b 


) and proposed ( 


Martell et al. 


2008a 


) in the past; these differ 



primarily because they were developed for use with stars of specific metallicity or luminosity 
ranges. Figure [16] shows the linebands and sidebands used by four common definitions. 
While the use of different CH bandstrength indices complicates quantitative comparison 
with literature studies, qualitative comparisons can still be useful. Inspection of Figure | 
reveals the prese nce of the E 



sidebands in the 



Norris et al. 



and B.X Balmer lines that can interfere with the continuum 



fll98l[ ) and 



Martell et al. 



(l2008bl ) index definitions. These two 



definitions were developed using samples of the most luminous, and therefore the coolest, 
red giants in their cluste rs of interest, w h ere B almer absorption has minimal impact. Of 



the two that remain, the 



Briley fc SmithI ( 119931 ) definition only includes the blue side of the 



continuum, which can potentially cause artificially depressed values for cooler stars where 



the continuum is more strongly sloped. Therefore, the 
for this study: 



Led (I1999I ) definition was adopted 
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CH{mO)L = -2.5 log - 



/<4320 -r , . 



1 / ^-4260 T ^^ , r4420 j , , 

2 J423O ^^^^ + J439O -^^^^ 



(5) 



This definition has the advantage that it ha s been used for c lusters cov ering a broad range 
of metallicities, from M15 (—2.33 



Lee 



20001 ) to M71 (-0.82; lLeell2005D . and it also avoids 
the influence of Balmer lines that appear in hotter stars. In addition, it samples the 
continuum on both sides of the CH G-band, thus providing a more accurate representation 
of the "expected" continuum at the location of the line band, regardless of the slope of the 
continuum in this region. The resulting indices are also tabulated in Table [31 

Figure [T71 shows the CH index versus (5S(3839)n for our cluster sample, ordered from 
low to high metallicity. From inspection of this figure, CN-weak stars are typically also CH- 
strong, while those stars that are CN-strong are typically CH-weak, with a few exceptions. 
Figure [TS] is a similar set of plots, but here the CH-index is plotted against absolute 
(yf-magnitude. The RGB stars within each cluster exhibit the strongest CH absorption when 
they are CN-weak, and vice versa. SGB stars are included as well for the two clusters in 



1996h. M3 f 



giant s in M 2 (ISmith fc Mateo 



Suntzefl 



Alves-Brito et al. 



sample or that of 



1981 



19901). M13 fSuntzefB 



Smith et al. 



1981 



19961 ). and M71 (ISmith fc Norris 



Brilev fc Smith 



1993 



1982 



Smi 


th et al. 


Lee 


2005 





2OO8I). Intere s tingly, M53 does not exhibit this ant icor relation in our 



Martell et al. 



fl2008bf l. 



4.1. CH Behavior at Low Metallicity 



Examination of the CH-CN anticorrelation for low-metallicity clusters is challenging, 
due in part to the decreased abundances of all metals in the stellar atmospheres. This 
phenomenon has been demonstrated before with synthetic spectra spanning a range 
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of N abundances at low metallicity (IMartell et al.l l2008bl ). This suggests a possible 
low-metallicity observational cutoff, below which bimodality is either too difficult to detect 
with data of the quality we were able to obtain or too difficult to measure due to the low 
levels of CN present. 



Shetrone et al. 



( I2OIOI ) predict that abundance variations should exist at all metallicities, 
even though bandstrength variations will become impossible to see at sufficiently low 
values of [Fe/H]. To investigate this, we now consider whether the CN-CH anticorrelation 
is observabl e in the very rn e tal-po or clusters M92, M15, and NGC 5053. Following the 



approach of 



Shetrone et al. 



(I2OIOI ). we fit a line to the raw S(3839)n values as a function 
of (yf-magnitude, then label those above the line as CN-strong and those below the line as 
CN-weak. The results of this exercise for M92, M15, and NGC 5053 are shown in Figure 
[T9I plotted against absolute (/-magnitude for direct comparison. For the remainder of this 
paper these two groups will be used to distinguish those stars with slightly higher and 
slightly lower CN bandstrengths. At the lowest point on the RGB (still above the SGB), 
there is little difference in the CH bandstrengths between the CN-strong and CN-weak 
stars. However, as one moves up the RGB, an apparent anticorrelation sets in for RGB 
stars in M92 at ^ 1.5. Similar behavior is not seen in M15 and NGC 5053, possibly due 
to the limited sampling. 

If CN abundance variations are in place prior to a star's evolution up the RGB, one 
might expect to see an anticorrelation between CN and CH on the SGB and MS. Although 



more difficult to observe, since higher temperatures would tend to break up the mo 



such anticorrelations 



1999b 



lave been reported previous ly for MS stars (ICannon et al. 



Harbeck et al. 



1998 



ecules, 



Cohen 



2003a; 



Pancino et al. 



2OIOI ). Figure |20] shows the relationship between 



CH and CN indices for MS and SGB stars in M92, M15, M2, and M13, with the CN indices 
derived using the 



Harbeck et al. 



(l2003al ) definition. As in Fig. |9l we see a minimum in CH 
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bandstrength for M13 at Mg 



turnoff point (see Figure 2 from 



, corresponding to the higher effective temperatures of the 



Briley et al 



20041 ) ■ While an anticorrelation may exist on 



the upper SGBs of M2 and M13, which would be consistent with the signs of CN bimodality 
on the SGB of these clusters and consistent with Figure [181 other ant icor relations are 
clearly seen. While further study is needed, we are confident that follow-up observations of 
MS stars in these clusters will reveal the same types of bandstrength variations as reported 
in previous studies. 



Correlations with Cluster Parameters 



The possibility that CN enrichment is linked in some way with various physical 
paramete rs of the pare nt cluster has been examined extensively in previous studies. For 



example, 



NorrisI ( 119871 ) identified a possible correlation between CN bandstrength and 



the apparent ellipticity of t he cluster using data fr om 12 Galactic GCs. This suggested 



correlation was co nfirmed by 



with the set from 



Smith fc Mated (ll990l ). who combinec 



NorrisI (11987! ). but was not seen by 



Kavser et al. 



their observations of M2 



( 120081 ) using data from 



eight clusters (of which three were in common between the two studies). They concluded 



that t he correlation with ellipticity is not as significant as initially believed. 



Smith fc Mateo 



(119901 ) also reported a correlation betwe en CN enrichment and cl uster central velocity 



dispersion, which was again disputed by iKayser et al. 



(120081). The 



Smith fc Mated (11990h 



claim of a CN enrichment correl ation with integrated cluster luminosity received moderate 



support from the observations of 



Kayser et al. 



(120081). 



Figure EH shows the number ratio of CN-strong to CN-weak RGB stars for the clusters 
in our sample, denoted by r, plotted against various cluster parameters drawn from the 



I 



Harris! (119961 ) catalogo These values are tabulated in Table HI The number ratio is useful 
because it reveals the relative population sizes of the individual CN groups, and provides a 
constraint on the chemical evolution of the cluster. 

M92 and M15 were treated differently because they do not possess CN-strong stars, 
at least by the conventional definition, and hence would have an r value of zero. However, 
Figures [12] and [13] suggest the presence of stars that might be identifed as CN-strong 
(relative to the rest of the cluster). Furthermore, an alternative method for adopting 
relatively CN-strong and CN-weak stars was described in Section HIT] for M92, M15, and 
NGC 5053. Using this approach, we determined alternative r values for M92, M15, and 
NGC 5053, which are plotted in Figure [21] as open triangles. Spearman rank correlation 
coefficients were calculated for the distributions and are provided in the upper-left corner 
of each panel; the top and bottom numbers correspond to the sample with and without the 
second r quantity included, respectively, for M92, M15, and NGC 5053. 



Supporting the claims of 



Norrid (119871 ) and ISmith fc Mated (Il990l ) , we observe a 



moderate correlation between CN enrichment and cluster ellipticity. We also note a 
moderate correlation between CN enr i chmen t and central velocity dispersion (Figure [22 



in the same sense as 



Smith fc Mated (Il990l ). with a Spearman coefficient of 0.52 when 



using the ratios for the proposed CN divisions in M92, M15, and NGC 5053, though no 
such correlation in our data is observed with cluster luminosity (see Figure [2T]) . However, 
the range of cluster luminosities in our sample is not very broad. Only two clusters 
with absolute \^-magnitude brighter than —8.0 were observed, one of which is metal-poor 
with no solidly identified CN-strong stars and the other having fewer than 1 stars with 



reliable spectroscopy. When we combine our data with that of 



Kayser et al. 



(l2008h and 



^All references to 



Har ris! ( 1l996 l) refer to the 2010 update on his web page: 



http//www. physics .mcmaster . ca/~harris/mwgc . dat. 
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Smith fc Mated ( 119901 ). also shown in Figure [22| the overall trends become clearer; the 
largest fraction of CN-strong stars are found in the most luminous and massive clusters. 
This result is consistent with expectations from the self-enrichment scenario - the most 
massive clusters possess the deepest gravitational potentials, allowing them to retain the 
largest amount of chemically enriched gas expelled from evolving stars. 

While studies to date typically quote an average value of the r parameter from the 
clusters in their samples, it is not clear that this quantity is meaningful. Comparing the 
values directly is complicated by the fact that some studies only use RGB stars, while 
others include subgiants, dwarfs, and even AGB stars as well. Since dwarfs, with their 
hotter atmospheres, are less likely to show significant CN absorption, their inclusion may 
bias the value downward. The same holds true for the inclusion of AGB stars, since 
they are nearly always CN-we ak (see 



Pancino et al 



Campbell et al. 



2OIOI . for further discussion). The 



(I2OIOI ). comprised entirely of MS dwarf s, reported an average of 



study by 

r = 0.82 ± 0.29, while the average of the r values reported by 



Kayser et al 



(120081) for 



the giants in their sample is 0.61. Together, these results indicate that for the clusters in 
their samples, both of which span a large range of [Fe/H] and luminosity, the CN-strong 
sta rs are in the rn i nority. However, studies of Na and O abundances in cluster giants 



by 



Carretta et al. 



( l2009b 



comprising 50-70% of the total (r > 1). The compilation by 
giants from 16 clusters gives an average ratio of 1.72, which aj 

rn 



gner, wixn enric 
Smith & Mateo 


n 

( 


3a sx 
1990 


ars 
) of 


rees well with 


Carretta et al. 



d). While it is puzzling that two samples of cluster giants would yield such discrepant 
results, this may result from a bias toward more luminous clusters, since their inclusion 
would artificially inflate the fraction of CN-strong stars in the sample. Table [5] lists the 
mean r values alongside the mean My values for our sample and the three GCs from the 
literature. The increase in (r) with (My) is apparent, indicating that conclusions drawn 
based upon the CN ratio must account for any potential biases from including or excluding 
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massive GCs in the sample. 



6. Conclusions and Discussion 

We have used low-resolution SEGUE spectra to confirm the presence of a bimodality 
in the CN distributions for stars in GCs with [Fe/H] > —2. In addition, we extend the 
metallicity limit for which CN bimodality has been observed to at least [Fe/H] ~ —2.1, 
by adding M53 to the collection. Furthermore, we have presented evidence suggesting 
the presence of a much smaller division between CN-strong and CN-weak groups on the 
RGB of M92, down to luminosities corresponding to My ~ 1.8, which is in quantitative 
agreement with earlier studies suggesting carbon depletion setting in below the RGB bump. 
Evidence for two CN groups on the RGB of M15, with a similar metallicity as M92, also 
exists. Previous CN abundance studies of M92 and M15 have not shown strong evidence 
for bimodality in either cluster. We also confirm an overall anticorrelation between CN and 
CH bandstrengths on the RGB for M2, M13, and M3, for luminosities beyond the point of 
first dredge-up, while offering evidence that M92 may also display the same anticorrelation. 
Our samples for M53 and M71 are too small to make strong claims for anticorrelations, 
although M53 appears to have CN and CH bandstrengths that are uncorrelated. Despite 
its chemical similarity to M92, no apparent CN-CH anticorrelation is present among M15 
giants. Finally, NGC 5053 exhibits a remarkably uniform CH bandstrength along the RGB, 
in spite of the fact that our sample of stars straddles the RGB bump, where deep mixing is 
predicted to set in. 

Our observations support a scenario in which evolved stars disperse enriched gas 
throughout the cluster that ultimately forms a second generation of stars. This results 
in two chemically disparate populations of stars. Such abundanc e variations are not 



observed among even the oldest and most massive open clusters (jJacobson et al 



2008 
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Martell fc Smith! |2009| ). presumably due to their significantly lower gravitational potentials 
preventing them from retaining enriched gas from evolved stars. Furthermore, current 
theoretical models of the origin of light-element abundance variations rely heavily on the 
high density environments of proto-globular clusters to facilitate enrichment of subsequent 
stellar populations. Since these chemically enriched stellar populations appear to form 
preferentially in GCs, this motivates the argument that the presence of CN-strong stars in 
the Galactic halo may hav e been stripped from GC s into the field, rather than being the 



result of in situ formation f lMartell fc Grebel 



20101). Additional studies of halo GCs should 



provide an opportunity to explore and quantify this contribution directly. 
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Table 1. Globular Cluster Photometric Properties 



Cluster 




RA (J2000) 


Dec (J2000) 


{l,b) 


(m - M)g 


E{B - V)^ 


j.a 

(arcmin) 


NGC 6341 


M92 


17:17:07.39 


+43:08:09.4 


(68.3, +34.9) 


14.64 


0.023 


15.17 


NGC 7078 


M15 


21:29:58.33 


+ 12:10:01.2 


(65.0, -27.3) 


15.37 


0.110 


21.50 


NGC 5053 




13:16:27.09 


+ 17:42:00.9 


(335.7, +78.9) 


16.12 


0.017 


13.67 


NGC 5024 


M53 


13:12:55.25 


+18:10:05.4 


(333.0, +79.8) 


16.25 


0.021 


21.75 


NGC 7089 


M2 


21:33:27.02 


-00:49:23.7 


(58.4, -35.8) 


15.49 


0.045 


21.45 


NGC 6205 


M13 


16:41:41.24 


+36:27:35.5 


(59.0, +40.9) 


14.48 


0.017 


25.18 


NGC 5272 


M3 


13:42:11.62 


+28:22:38.2 


(42.2, +78.7) 


14.95 


0.013 


38.19 


NGC 6838 


M71 


19:53:46.49 


+18:46:45.1 


(56.7, -4.6) 


12.86 


0.275^^ 


8.96 



Note. — Photometric properties of the globular clusters in our sample as drawn from the literature. The 
parameter rt is the tidal radius in arcminutes. The listed distance modulus (m — A/)o is extinction corrected. 
Note that the Harris values h ave been updat e d from h ttpZ/wmj. physi c s .mcm aster . ca/^harris/mwgc . dat. 



References: 



Harris! l|l996h : 



Schlegel et al 



ii99a); 



Grundahl et al 



1 20021 ). 
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Table 2. Globular Cluster Spectroscopic and Physical Properties 



Cluster 


[Fe/H]'' 


[Fe/H]c 




















(km s-i) 


(dcx) 


(kpc) 




(km s"-*-) 




M92 


-2.31 


-2.35 


-120.0 


5.43'' 


9.6 


1.68 


6.0 


0.10 


M15 


-2.37 


-2.33 


-107.0 


5.84': 


10.4 


2.28 


13.5 


0.05 


NGC 5053 


-2.27 


-2.30 


+44.0 


4.80'' 


17.8 


0.74 


1.4 


0.21 


M53 


-2.10 


-2.06 


-62.9 


5.65'' 


18.4 


1.72 


4.4 


0.01 


M2 


-1.65 


-1.66 


-5.3 


5.84* 


10.4 


1.59 


8.2 


0.11 


MIS 


-1.53 


-1.58 


-244.2 


5.57'' 


8.4 


1.53 


7.1 


0.11 


M3 


-1.50 


-1.50 


-147.6 


5.58* 


12.0 


1.89 


5.5 


0.04 


M71 


-0.78 


-0.82 


-22.8 


4.29^= 


6.7 


1.15 


2.3 


0.00 



Note. — Spectroscopic and physical properties of the globular clusters in our sample as 
drawn from the litera ture. The par a meter [Fe/H]c is from the recalibrated globular clus- 
ter metallicity scale of 
assuming Rq = 8.0 kpi 



Carretta et al. 



i 2009a 



Mandushev et al. 



log(rt/rc). 

http//www . ph ysics .mcmast er ■ ca/~harrls/mwgc.dat. 

References: 



). Distance from Galactic center Rgc calculated 
Cen t ral co ncentration C derived from a King model where C = 
1 199 ll ). Note that the Harris values have been updated from 



Harrif 



(1993); iMcLaughlin fc van der Marell l|2005n : 
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Table 3. Line Indices of Adopted True Member Stars 



spSpec name {g - r)o g Cg 8(3839) CTgoggg) 58(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



M92 



2247-54169- 


■362 


0, 


.441 


17, 


,343 


0, 


,011 


-0. 


,172 


0, 


,031 


0, 


,022 


-0, 


,489 


0, 


,013 


RGB 


2247-54169- 


■364 





.456 


16. 


,533 





.015 


-0. 


,196 


0, 


,015 


-0, 


,020 


-0 


.466 


0, 


,008 


RGB 


2247-54169- 


■367 





.439 


16. 


,519 


0, 


.009 


-0. 


,169 


0, 


,018 


0, 


,006 


-0, 


.460 


0, 


,008 


RGB 


2247-54169- 


■380 





.484 


16. 


,093 





.010 


-0. 


,187 


0, 


,016 


-0, 


,021 


-0, 


.450 


0, 


,008 


RGB 


2247-54169- 


-404 





.455 


16, 


,503 


0, 


.010 


-n. 


165 


0, 


,016 


0, 


,010 


-0, 


.504 


0, 


,009 


RGB 


2247-54169- 


-444 


0, 


.467 


16, 


,006 


0, 


.011 


-0, 


184 


0, 


,010 


-0, 


,020 


-0, 


.453 


0, 


,006 


RGB 


2247-54169- 


■451 


0, 


.472 


16, 


.188 


0, 


.008 


-0, 


,133 


0, 


.013 


0, 


.035 


-0, 


.479 


0, 


.007 


RGB 


2247-54169- 


■452 





.480 


15, 


.985 





.009 


-0, 


,142 


0, 


.014 


0, 


.021 


-0 


.497 


0, 


.006 


RGB 


2247-54169- 


■529 


0, 


.440 


17, 


.182 


0, 


.008 


-0, 


,176 


0, 


.028 


0, 


.015 


-0, 


.483 


0, 


.010 


RGB 


2247-54169- 


■531 


0, 


.443 


16, 


.488 


0, 


.007 


-0. 


,170 


0, 


.019 


0, 


.005 


-0, 


.459 


0, 


.008 


RGB 


2247-54169- 


-546 


0, 


.408 


17, 


,107 





.007 


-0, 


,076 


0, 


,025 


0, 


,113 


-0, 


.492 


0, 


,011 


RGB 


2247-54169- 


■561 


0, 


.479 


16, 


,490 


0, 


.010 


-0, 


194 


0, 


,020 


-0, 


,020 


-0, 


.456 


0, 


,007 


RGB 


2247-54169- 


■573 


0, 


.447 


16, 


.016 


0, 


.013 


-0, 


,189 


0, 


.012 


-0, 


.025 


-0, 


.441 


0, 


.006 


RGB 


2247-54169- 


■581 


0, 


.457 


16, 


.373 


0, 


.007 


-0. 


,178 


0, 


.018 


-0, 


.006 


-0 


.490 


0, 


.009 


RGB 


2247-54169- 


■589 





.457 


17, 


.007 





.010 


-0, 


,200 


0, 


.025 


-0, 


.014 


-0, 


.478 


0, 


.012 


RGB 


2247-54169- 


■620 





.405 


17, 


.503 





.005 


-0. 


,179 


0, 


.033 


0, 


.019 


-0, 


.494 


0, 


.013 


RGB 


2247-54169- 


■408 


0, 


.521 


15, 


.333 


0, 


.010 


-0. 


.132 


0, 


.009 


0, 


.016 


-0, 


.473 


0, 


.005 


RGB 


2247-54169- 


■418 


0, 


.527 


15, 


,524 


0, 


.008 


-0, 


,199 


0, 


,009 


-0, 


,046 


-0, 


.428 


0, 


,004 


RGB 


2247-54169- 


■449 


0, 


.479 


15, 


,490 


0, 


.006 


-0, 


111 


0, 


.010 


0, 


.040 


-0, 


.478 


0, 


.006 


RGB 


2247-54169- 


■484 


0, 


.601 


15, 


.117 


0, 


.011 


-0, 


,117 


0, 


.008 


0, 


.026 


-0, 


.428 


0, 


.005 


RGB 


2247-54169- 


■504 





.518 


15, 


.125 





.011 


-0, 


,134 


0, 


.010 


0, 


.009 


-0, 


.452 


0, 


.005 


RGB 


2247-54169- 


■563 





.533 


15, 


.492 





.007 


-0, 


,148 


0, 


.009 


0, 


.003 


-0 


.436 


0, 


.005 


RGB 


2247-54169- 


■608 





.531 


15, 


.383 


0, 


.003 


-0, 


,215 


0, 


.011 


-0, 


.066 


-0 


.421 


0, 


.006 


RGB 


2247-54169- 


■610 


0, 


.538 


15, 


,198 


0, 


.004 


-0, 


,143 


0, 


,009 


0, 


,002 


-0, 


.417 


0, 


,005 


RGB 


2247-54169- 


■379 


0, 


.189 


17, 


,638 


0, 


.011 


-0, 


,254 


0, 


,033 


-0, 


,053 


-0, 


.511 


0, 


,013 


SGB 


2247-54169- 


■458 


0, 


.365 


17, 


.845 


0, 


.010 


-0, 


,209 


0, 


.035 


-0, 


.003 


-0, 


.494 


0, 


.016 


SGB 


2247-54169- 


■514 


0, 


.372 


17, 


.645 





.021 


-0, 


,073 


0, 


.029 


0, 


.128 


-0, 


.507 


0, 


.013 


8GB 


2247-54169- 


■516 





.363 


17, 


.860 





.016 


-0, 


,165 


0, 


.033 


0, 


.041 


-0 


.523 


0, 


.015 


8GB 


2247-54169- 


■519 


0, 


.379 


17, 


.809 


0, 


.018 


-0, 


,164 


0, 


.043 


0, 


.040 


-0, 


.465 


0, 


.018 


8GB 


2247-54169- 


■538 





.306 


17, 


.966 





.007 


-0, 


,135 


0, 


.044 


0, 


.074 


-0, 


.521 


0, 


.021 


8GB 
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Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2247-54169- 


■541 


0. 


,387 


17, 


.691 


0.009 


-0, 


,121 


0. 


.035 


0. 


.081 


-0, 


.514 


0. 


.016 


SGB 


2247-54169- 


■575 


0. 


.360 


17, 


.882 


0.006 


-0. 


,248 


0. 


.047 


-0. 


.042 


-0, 


.496 


0. 


.021 


SGB 


2247-54169- 


■584 


0. 


,367 


17, 


.789 


0.006 


-0. 


,275 


0. 


.043 


-0. 


.071 


-0, 


.529 


0. 


.016 


SGB 


2247-54169- 


■616 


0. 


,366 


17, 


.890 


0.008 


-0. 


,263 


0. 


.040 


-0. 


.057 


-0, 


.521 


0. 


.016 


SGB 


2256-53859- 


■513 


0. 


,372 


17, 


.645 


0.021 


-0. 


,142 


0. 


.021 


0. 


.059 


-0. 


.517 


0. 


.011 


SGB 


2256-53859- 


■522 


0, 


,270 


18, 


,084 


0.012 


-0. 


,228 


0. 


,031 


-0. 


,017 


-0, 


,550 


0. 


,014 


SGB 


2256-53859- 


■535 


0, 


,204 


18, 


,349 


0.009 


-0. 


,270 


0. 


,032 


-0, 


,053 


-0 


,549 


0, 


,014 


SGB 


2256-53859- 


■536 


0, 


,225 


18, 


,395 


0.013 


-0. 


,255 


0. 


,027 


-0. 


,036 


-0, 


,531 


0. 


,015 


SGB 


2256-53859- 


■538 


0. 


,386 


17, 


,762 


0.006 


-0. 


,187 


0. 


,022 


0. 


,017 


-0. 


.490 


0. 


,011 


SGB 


2247-54169- 


■409 


0. 


,314 


20, 


,443 


0.022 


-0. 


,282 


0. 


,045 


-0. 


,016 


-0. 


.561 


0. 


,022 


MS 


2256-53859- 


■411 


0. 


,240 


18. 


,413 


0.012 


-0. 


,285 


0. 


,037 


-0. 


,066 


-0. 


.534 


0. 


,016 


MS 


2256-53859- 


■455 


0, 


,205 


18. 


,576 


0.014 


-0. 


,245 


0. 


,033 


-0. 


,022 


-0, 


.564 


0. 


,017 


MS 


2256-53859- 


■485 


0, 


191 


19. 


,103 


0.018 


-0. 


,253 


0. 


,057 


-0. 


,018 


-0, 


.544 


0. 


,023 


MS 


2256-53859- 


■489 


0, 


,182 


18. 


,749 


0.011 


-0. 


,310 


0. 


,059 


-0. 


,084 


-0, 


.544 


0. 


,026 


MS 


2256-53859- 


■501 


0. 


,189 


18. 


,751 


0.010 


-0. 


,329 


0. 


,042 


-0. 


,102 


-0 


.523 


0. 


,016 


MS 


2256-53859- 


■506 


0. 


,207 


18. 


,794 


0.016 


-0. 


,230 


0. 


,044 


-0. 


,003 


-0 


.565 


0. 


,020 


MS 


2256-53859- 


■530 


0. 


,200 


18. 


,682 


0.008 


-0. 


,180 


0. 


,039 


0. 


,045 


-0, 


.518 


0. 


,020 


MS 


2256-53859- 


■537 


0, 


,211 


19. 


,293 


0.012 


-0. 


,277 


0, 


,043 


-0. 


,038 


-0, 


.563 


0. 


,021 


MS 


2256-53859- 


■539 


0, 


,210 


18. 


,874 


0.009 


-0. 


,174 


0. 


,041 


0. 


,056 


-0, 


,511 


0. 


,019 


MS 


2256-53859- 


■546 


0, 


,196 


18. 


,505 


0.017 


-0. 


,229 


0. 


,042 


-0. 


,008 


-0, 


.528 


0. 


,019 


MS 


2256-53859- 


■566 


0. 


,231 


18. 


,824 


0.012 


-0. 


,249 


0. 


,045 


-0. 


,021 


-0 


.522 


0. 


,021 


MS 


2256-53859- 


■571 


0. 


,199 


18. 


,654 


0.008 


-0. 


,271 


0. 


,037 


-0. 


,047 


-0, 


.506 


0. 


,015 


MS 


2256-53859- 


■575 


0. 


,162 


18. 


,591 


0.009 


-0. 


,246 


0. 


,041 


-0. 


,023 


-0. 


.570 


0. 


,019 


MS 


2256-53859- 


■576 


0. 


,190 


18. 


,548 


0.009 


-0. 


,196 


0. 


,033 


0. 


,026 


-0. 


.557 


0. 


,016 


MS 


2256-53859- 


■579 


0, 


,210 


18. 


,810 


0.014 


-0. 


303 


0. 


,040 


-0. 


,075 


-0, 


,532 


0. 


,020 


MS 


2256-53859- 


■612 


0. 


,185 


18. 


,499 


0.008 
M15 


-0. 


,242 


0. 


,041 


-0. 


,022 


-0, 


.528 


0. 


,019 


MS 


1960-53289- 


■441 


0. 


,399 


17. 


,582 


0.011 


-0. 


,203 


0. 


,033 


-0. 


,009 


-0, 


.465 


0. 


,013 


RGB 


1960-53289- 


■457 


0. 


,372 


17. 


,913 


0.011 


-0. 


,206 


0. 


,034 


-0. 


,009 


-0, 


.472 


0. 


,013 


RGB 


1960-53289- 


■500 


0. 


,450 


17. 


,169 


0.012 


-0. 


,093 


0. 


,017 


0. 


,097 


-0. 


.481 


0. 


,008 


RGB 


1960-53289- 


■522 


0. 


,416 


16. 


,909 


0.011 


-0. 


,228 


0. 


,022 


-0. 


,041 


-0. 


.494 


0. 


,012 


RGB 
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Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



1960- 


■53289- 


-530 


0, 


.445 


17, 


,485 


0, 


.015 


-0. 


,211 


0, 


,025 


-0, 


,018 


-0, 


.393 


0, 


,010 


RGB 


1962- 


■53321- 


-364 


0, 


.392 


17. 


,583 





.014 


-0. 


.167 


0, 


,014 


0, 


,027 


-0, 


.489 


0, 


,007 


RGB 


1962- 


■53321- 


-375 





.393 


17. 


,758 





.008 


-0. 


,193 


0, 


,016 


0, 


,003 


-0 


.497 


0, 


,007 


RGB 


1962- 


■53321- 


-376 





.396 


17. 


,515 





.009 


-0. 


,221 


0, 


,014 


-0, 


,027 


-0, 


.473 


0, 


,007 


RGB 


1962- 


■53321- 


-402 


0, 


.372 


17. 


,913 


0, 


.011 


-0. 


,264 


0, 


,021 


-0, 


,067 


-0, 


.481 


0, 


,008 


RGB 


1962- 


■53321- 


-403 


0, 


.383 


17, 


,887 


0, 


.011 


-0. 


,184 


0, 


,022 


0, 


,013 


-0, 


.488 


0, 


,009 


RGB 


1962- 


■53321- 


■406 





.383 


17, 


,944 





.014 


-0, 


,210 


0, 


,018 


-0, 


,012 


-0 


.523 


0, 


,009 


RGB 


1962- 


■53321- 


-413 


0, 


.384 


17, 


.556 


0, 


.011 


-0, 


,183 


0, 


,015 


0, 


,010 


-0, 


.489 


0, 


.007 


RGB 


1962- 


■53321- 


-415 





.394 


17, 


.419 


0, 


.014 


-0. 


,155 


0, 


,012 


0, 


,038 


-0 


.511 


0, 


.006 


RGB 


1962- 


■53321- 


-427 





.394 


17, 


.643 





.013 


-0. 


,179 


0, 


,014 


0, 


,016 


-0 


.484 


0, 


.007 


RGB 


1962- 


■53321- 


-438 


0, 


.422 


17, 


.546 


0, 


.015 


-0. 


.186 


0, 


,014 


0, 


,008 


-0, 


.483 


0, 


.006 


RGB 


1962- 


■53321- 


-454 


0, 


.399 


17, 


,582 


0, 


.011 


-0. 


196 


0, 


,016 


-0, 


,001 


-0, 


.485 


0, 


,007 


RGB 


1962- 


■53321- 


-466 


0, 


.416 


17, 


,520 


0, 


.010 


-0. 


,198 


0, 


,014 


-0, 


,005 


-0, 


.480 


0, 


,005 


RGB 


1962- 


■53321- 


-474 


0, 


.391 


17, 


.449 


0, 


.015 


-0. 


,194 


0, 


.014 


-0, 


.002 


-0, 


.485 


0, 


.006 


RGB 


1962- 


■53321- 


-506 





.416 


17, 


.378 





.009 


-0. 


,207 


0, 


.011 


-0, 


.015 


-0 


.448 


0, 


.006 


RGB 


1962- 


■53321- 


-515 





.443 


17, 


.568 


0, 


.010 


-0. 


,219 


0, 


.014 


-0, 


.025 


-0, 


.474 


0, 


.006 


RGB 


1962- 


■53321- 


-532 





.382 


17, 


.487 





.012 


-0. 


,191 


0, 


.013 


0, 


.002 


-0 


.510 


0, 


.005 


RGB 


1960- 


■53289- 


-401 





.485 


16, 


,078 


0, 


.008 


-0. 


,207 


0, 


,009 


-0, 


,028 


-0 


.442 


0, 


,005 


RGB 


1960- 


■53289- 


-402 


0, 


.552 


15, 


,391 


0, 


.008 


-0. 


,113 


0, 


,008 


0, 


,059 


-0, 


.411 


0, 


,004 


RGB 


1960- 


■53289- 


-406 


0, 


.552 


15, 


.393 


0, 


.007 


-0. 


,153 


0, 


.007 


0, 


.020 


-0, 


.446 


0, 


.004 


RGB 


1960- 


■53289- 


-413 





.508 


15, 


.687 


0, 


.007 


-0. 


.186 


0, 


.009 


-0, 


.011 


-0 


.464 


0, 


.005 


RGB 


1960- 


■53289- 


-419 





.542 


15, 


.433 





.008 


-0. 


,208 


0, 


.007 


-0, 


.035 


-0, 


.434 


0, 


.004 


RGB 


1960- 


■53289- 


-442 


0, 


.487 


16, 


.342 


0, 


.008 


-0. 


,238 


0, 


.015 


-0, 


.056 


-0, 


.437 


0, 


.006 


RGB 


1960- 


■53289- 


-459 


0, 


.515 


15, 


.076 


0, 


.009 


-0. 


.208 


0, 


.006 


-0, 


.039 


-0, 


.515 


0, 


.003 


RGB 


1960- 


■53289- 


-460 


0, 


.465 


16, 


,431 


0, 


.009 


-0. 


,221 


0, 


,012 


-0, 


,038 


-0, 


.471 


0, 


,007 


RGB 


1960- 


■53289- 


-511 


0, 


.509 


16, 


.568 


0, 


.009 


-0. 


,189 


0, 


.014 


-0, 


.005 


-0, 


.505 


0, 


.007 


RGB 


1960- 


■53289- 


-523 


0, 


.643 


14, 


.624 


0, 


.009 


-0. 


,159 


0, 


.008 


0, 


.005 


-0, 


.426 


0, 


.004 


RGB 


1960- 


■53289- 


-529 





.521 


15, 


.513 





.010 


-0. 


,130 


0, 


.007 


0, 


.043 


-0 


.483 


0, 


.004 


RGB 


1960- 


■53289- 


-420 





.362 


18, 


.421 





.011 


-0. 


,201 


0, 


.040 


0, 


.002 


-0, 


.525 


0, 


.017 


SGB 


1960- 


■53289- 


-501 


0, 


.398 


18, 


.283 


0, 


.011 


-0. 


.215 


0, 


.039 


-0, 


.013 


-0, 


.553 


0, 


.016 


SGB 


1962- 


■53321- 


-323 


0, 


.269 


18, 


.400 


0, 


.016 


-0. 


,272 


0, 


.023 


-0, 


.070 


-0, 


.523 


0, 


.009 


SGB 
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1962- 


■53321- 


-328 


0. 


,205 


18, 


.655 


0, 


.014 


-0. 


.271 


0. 


.026 


-0. 


.067 


-0, 


.530 


0. 


.013 


SGB 


1962- 


■53321- 


-329 


0. 


.269 


18, 


.522 


0. 


.011 


-0. 


.250 


0. 


.025 


-0. 


.047 


-0. 


.551 


0. 


.012 


SGB 


1962- 


■53321- 


-335 


0. 


,301 


18, 


.411 


0. 


.014 


-0. 


.274 


0. 


.024 


-0. 


.072 


-0 


.516 


0. 


.009 


SGB 


1962- 


■53321- 


-368 


0. 


,227 


18, 


.553 





.014 


-0. 


.247 


0. 


.026 


-0. 


.043 


-0, 


.515 


0. 


.012 


SGB 


1962- 


■53321- 


-369 


0. 


,241 


18, 


.589 


0. 


.016 


-0. 


.300 


0. 


.031 


-0. 


.096 


-0. 


.543 


0. 


.012 


SGB 


1962- 


■53321- 


-370 


0, 


,279 


18, 


,453 


0, 


.015 


-0. 


,274 


0. 


.022 


-0. 


.071 


-0, 


.542 


0. 


.011 


SGB 


1962- 


■53321- 


■371 


0, 


,254 


18, 


,507 





.017 


-0. 


,234 


0. 


.029 


-0. 


.031 


-0, 


.522 


0. 


.012 


SGB 


1962- 


■53321- 


-372 


0, 


,285 


18, 


,371 


0, 


.012 


-0. 


,229 


0. 


.022 


-0. 


.027 


-0, 


.511 


0. 


.011 


SGB 


1962- 


■53321- 


-407 


0. 


,226 


18, 


,444 


0. 


.013 


-0. 


,260 


0. 


.029 


-0. 


.057 


-0. 


.526 


0. 


.013 


SGB 


1962- 


■53321- 


-414 


0. 


,275 


18, 


,472 





.017 


-0. 


,287 


0. 


.025 


-0. 


.084 


-0 


.519 


0. 


.011 


SGB 


1962- 


■53321- 


-421 


0. 


,338 


18. 


,371 


0. 


.015 


-0. 


,266 


0. 


.027 


-0. 


.064 


-0. 


.473 


0. 


.012 


SGB 


1962- 


■53321- 


-423 


0, 


,363 


18. 


,205 


0, 


.013 


-0. 


125 


0. 


.022 


0. 


.076 


-0, 


.466 


0. 


.009 


SGB 


1962- 


■53321- 


-442 


0, 


178 


18. 


,727 


0, 


.015 


-0. 


,226 


0. 


.034 


-0. 


.020 


-0, 


.550 


0. 


.013 


SGB 


1962- 


■53321- 


-469 


0, 


,189 


18. 


,634 


0, 


.013 


-0. 


,258 


0. 


.024 


-0. 


.054 


-0, 


.531 


0. 


.012 


SGB 


1962- 


■53321- 


-470 


0. 


,235 


18. 


,633 





.017 


-0. 


,248 


0. 


.022 


-0. 


.044 


-0 


.536 


0. 


.011 


SGB 


1962- 


■53321- 


-488 


0. 


,283 


18. 


,642 


0. 


.020 


-0. 


,256 


0. 


.029 


-0. 


.051 


-0 


.530 


0. 


.012 


SGB 


1962- 


■53321- 


-493 


0. 


,367 


18. 


,324 





.013 


-0. 


,218 


0. 


.020 


-0. 


.016 


-0, 


.517 


0. 


.009 


SGB 


1962- 


■53321- 


-495 


0, 


,254 


18. 


,787 


0, 


.015 


--0. 


,300 


0. 


.030 


-0. 


.094 


-0, 


.523 


0. 


.011 


SGB 


1962- 


■53321- 


-496 


0, 


,237 


18. 


,773 


0, 


.015 


-0. 


,258 


0. 


.026 


-0. 


.052 


-0, 


.512 


0. 


.014 


SGB 


1962- 


■53321- 


-497 


0, 


,181 


18. 


,769 


0, 


.015 


-0. 


,248 


0. 


.030 


-0. 


.042 


-0, 


.539 


0. 


.013 


SGB 


1962- 


■53321- 


-500 


0. 


,256 


18. 


,396 


0. 


.013 


-0. 


,253 


0. 


.020 


-0. 


.051 


-0 


.525 


0. 


.009 


SGB 


1962- 


■53321- 


-510 


0. 


,291 


18. 


,529 





.012 


-0. 


,246 


0. 


.023 


-0. 


.042 


-0, 


.522 


0. 


.010 


SGB 


1962- 


■53321- 


-516 


0. 


,398 


18. 


,283 


0. 


.011 


-0. 


,253 


0. 


.022 


-0. 


.052 


-0. 


.526 


0. 


.009 


SGB 


1962- 


■53321- 


-518 


0. 


,361 


18. 


,253 


0. 


.011 


-0. 


,239 


0. 


.019 


-0. 


.039 


-0. 


.504 


0. 


.008 


SGB 


1962- 


■53321- 


-520 


0, 


,276 


18. 


,619 


0, 


.013 


-0. 


,282 


0. 


.023 


-0. 


.077 


-0, 


.530 


0. 


.010 


SGB 


1962- 


■53321- 


■533 


0. 


,275 


18. 


,638 


0, 


.012 


-0. 


,279 


0. 


.023 


-0. 


.074 


-0, 


.517 


0. 


.010 


SGB 


1962- 


■53321- 


-549 


0. 


,296 


18. 


,326 


0. 


.028 


-0. 


,285 


0. 


.022 


-0. 


.083 


-0. 


.528 


0. 


.010 


SGB 


1962- 


■53321- 


-550 


0. 


,362 


18. 


,421 





.011 


-0. 


,282 


0. 


.021 


-0. 


.079 


-0 


.530 


0. 


.009 


SGB 


1962- 


■53321- 


-558 


0. 


,289 


18. 


,344 


0. 


.010 


-0. 


,257 


0. 


.020 


-0. 


.056 


-0. 


.530 


0. 


.009 


SGB 


1962- 


■53321- 


-339 


0. 


,138 


19. 


,041 


0. 


.019 


-0. 


,330 


0. 


.036 


-0. 


.122 


-0. 


.550 


0. 


.015 


MS 


1962- 


■53321- 


-363 


0. 


,211 


19. 


,252 


0. 


.021 


-0. 


,204 


0. 


.048 


0. 


.007 


-0 


.505 


0. 


.020 


MS 



-41 - 



Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



1962- 


■53321- 


-378 


0, 


,191 


19, 


.052 


0, 


.016 


-0, 


.242 


0. 


.038 


-0. 


.033 


-0, 


.539 


0. 


.016 


MS 


1962- 


■53321- 


-399 


0. 


.196 


18. 


.831 





.017 


-0. 


.307 


0. 


.032 


-0. 


.100 


-0, 


.537 


0. 


.014 


MS 


1962- 


■53321- 


-409 


0. 


.154 


19. 


.145 


0. 


.015 


-0. 


.340 


0. 


.043 


-0. 


.130 


-0, 


.536 


0. 


.020 


MS 


1962- 


■53321- 


-412 


0. 


.174 


18. 


.872 





.016 


-0 


.315 


0. 


.044 


-0. 


.108 


-0, 


.514 


0. 


.017 


MS 


1962- 


■53321- 


-416 


0. 


.160 


19. 


.081 


0. 


.018 


-0. 


.279 


0. 


.043 


-0. 


.070 


-0. 


.498 


0. 


.017 


MS 


1962- 


■53321- 


-419 


0, 


181 


19. 


.268 


0, 


.017 


-0, 


.288 


0. 


.048 


-0. 


.077 


-0, 


.540 


0. 


.022 


MS 


1962- 


■53321- 


■422 


0, 


,228 


19. 


.094 





.021 


-0 


.212 


0. 


.043 


-0. 


.003 


-0 


.522 


0. 


.017 


MS 


1962- 


■53321- 


-424 


0, 


.170 


18. 


.952 


0, 


.018 


-0, 


.348 


0. 


.034 


-0. 


.140 


-0, 


.515 


0. 


.017 


MS 


1962- 


■53321- 


-428 


0. 


,165 


18. 


.951 


0. 


.015 


-0, 


.285 


0. 


.035 


-0. 


.077 


-0. 


.542 


0. 


.017 


MS 


1962- 


■53321- 


-430 


0. 


,204 


19. 


.211 





.019 


-0 


.279 


0. 


.042 


-0. 


.068 


-0. 


.521 


0. 


.020 


MS 


1962- 


■53321- 


-445 


0. 


,148 


19. 


.341 


0. 


.017 


-0. 


.201 


0. 


.048 


0. 


.011 


-0. 


.534 


0. 


.023 


MS 


1962- 


■53321- 


-449 


0, 


196 


19. 


.374 


0, 


.023 


-0, 


.315 


0. 


.056 


-0. 


.103 


-0, 


.518 


0. 


.022 


MS 


1962- 


■53321- 


-460 


0, 


,224 


19. 


.363 


0, 


.026 


-0, 


.281 


0. 


.043 


-0. 


.069 


-0, 


.510 


0. 


.022 


MS 


1962- 


■53321- 


-465 


0, 


,145 


18. 


.942 


0, 


.015 


-0, 


.273 


0. 


.032 


-0. 


.066 


-0, 


.527 


0. 


.015 


MS 


1962- 


■53321- 


-471 


0. 


,153 


18. 


.829 





.013 


-0 


.303 


0. 


.026 


-0. 


.096 


-0 


.535 


0. 


.013 


MS 


1962- 


■53321- 


-478 


0. 


,224 


19. 


.724 


0. 


.024 


-0 


.265 


0. 


.067 


-0. 


.049 


-0, 


.497 


0. 


.025 


MS 


1962- 


■53321- 


-480 


0. 


,211 


18. 


.991 





.018 


-0. 


.234 


0. 


.031 


-0. 


.026 


-0, 


.520 


0. 


.014 


MS 


1962- 


■53321- 


-483 


0, 


,206 


19. 


.211 


0, 


.016 


-0 


.297 


0. 


.050 


-0. 


.086 


-0 


.515 


0. 


.021 


MS 


1962- 


■53321- 


-484 


0, 


,210 


19. 


.188 


0, 


.016 


-0, 


.270 


0. 


.035 


-0. 


.060 


-0, 


.507 


0. 


.016 


MS 


1962- 


■53321- 


-490 


0. 


,258 


18. 


.893 


0, 


.015 


-0, 


.257 


0. 


.030 


-0. 


.050 


-0, 


.520 


0. 


.012 


MS 


1962- 


■53321- 


-503 


0. 


,197 


18. 


.961 


0. 


.014 


-0. 


.246 


0. 


.032 


-0. 


.038 


-0 


.547 


0. 


.014 


MS 


1962- 


■53321- 


-505 


0. 


,161 


19. 


.488 





.016 


-0 


.240 


0. 


.047 


-0. 


.027 


-0, 


.520 


0. 


.020 


MS 


1962- 


■53321- 


-509 


0. 


,254 


19. 


.260 


0. 


.015 


-0. 


.228 


0. 


.042 


-0. 


.017 


-0, 


.504 


0. 


.018 


MS 


1962- 


■53321- 


-512 


0. 


,248 


19. 


.508 


0. 


.017 


-0. 


.322 


0. 


.051 


-0. 


.108 


-0. 


.493 


0. 


.021 


MS 


1962- 


■53321- 


-519 


0, 


,162 


19. 


.058 


0, 


.016 


-0, 


.261 


0. 


.034 


-0. 


.052 


-0, 


.548 


0. 


.015 


MS 


1962- 


■53321- 


-522 


0. 


,155 


19. 


.128 


0, 


.016 


-0, 


.209 


0. 


.051 


0. 


.001 


-0, 


.568 


0. 


.020 


MS 


1962- 


■53321- 


-539 


0. 


,194 


18. 


.815 


0. 


.013 


-0. 


.289 


0. 


.028 


-0. 


.082 


-0. 


.516 


0. 


.010 


MS 


1962- 


■53321- 


-540 


0. 


,194 


19. 


.401 





.016 


-0 


.281 


0. 


.040 


-0. 


.068 


-0. 


.520 


0. 


.018 


MS 


1962- 


■53321- 


-543 


0. 


,274 


18. 


.916 


0. 


.013 


-0. 


.216 


0. 


.031 


-0. 


.009 


-0 


.532 


0. 


.013 


MS 


1962- 


■53321- 


-545 


0. 


,299 


19. 


.107 


0. 


.014 


-0. 


.332 


0. 


.032 


-0. 


.122 


-0. 


.530 


0. 


.014 


MS 


1962- 


■53321- 


-554 


0. 


,174 


19. 


.385 


0. 


.016 


-0 


.236 


0. 


.037 


-0. 


.024 


-0. 


.482 


0. 


.018 


MS 
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1962-53321-555 


0, 


,258 


19, 


,532 


0.017 


-0, 


,334 


0, 


,052 


-0, 


,120 


-0, 


.519 


0, 


,020 


MS 












NGC 5053 
























2476-53826-486 


0. 


,462 


17. 


,746 


0.009 


-0, 


,126 


0, 


,043 


0, 


,058 


-0, 


.429 


0. 


,019 


RGB 


2476-53826-497 


0. 


,451 


18, 


,201 


0.011 


-0, 


,098 


0, 


.064 


0, 


.098 


-0 


.442 


0, 


,025 


RGB 


2476-53826-488 


0. 


,686 


15, 


,780 


0.017 


-0, 


,119 


0, 


.015 


0, 


.017 


-0 


.432 


0, 


,006 


RGB 


2476-53826-501 


0, 


,632 


15, 


,988 


0.008 


-0, 


,182 


0, 


,012 


-0, 


,042 


-0 


.443 


0, 


,006 


RGB 


2476-53826-505 


0, 


,485 


16, 


,302 


0.009 


-0, 


,221 


0, 


,016 


-0, 


,072 


-0 


.523 


0, 


,007 


RGB 


2476-53826-507 


0, 


,530 


16, 


,939 


0.009 


-0, 


,101 


0, 


,020 


0, 


,063 


-0, 


.450 


0, 


,009 


RGB 


2476-53826-508 


0. 


,532 


16, 


,803 


0.009 


-0, 


,131 


0, 


.022 


0, 


.030 


-0 


.447 


0, 


,010 


RGB 


2476-53826-519 


0. 


,787 


15, 


,223 


0.011 


-0, 


,104 


0, 


.010 


0, 


.018 


-0 


.450 


0, 


,005 


RGB 


2476-53826-527 


0. 


,651 


15, 


,862 


0.023 


-0, 


,115 


0, 


.013 


0, 


.023 


-0 


.467 


0, 


,007 


RGB 


2476-53826-573 


0, 


,529 


17, 


,197 


0.012 


-0, 


,169 


0, 


,024 


0, 


,002 


-0 


.447 


0, 


Oil 


RGB 


2476-53826-575 


0, 


,724 


15, 


,518 


0.007 


-0, 


,160 


0, 


,013 


-0, 


,031 


-0 


.432 


0, 


,006 


RGB 


2476-53826-577 


0, 


,546 


16, 


,942 


0.028 


-0, 


,214 


0, 


,023 


-0, 


,050 


-0, 


.428 


0, 


,010 


RGB 


2476-53826-578 


0. 


,698 


15, 


,602 


0.015 


-0, 


111 


0, 


.012 


0, 


.020 


-0 


.450 


0, 


,006 


RGB 












M53 
























2476-53826-329 


0. 


,503 


17, 


,999 


0.027 


-0, 


,258 


0, 


.068 


-0, 


.036 


-0 


.429 


0, 


,025 


RGB 


2476-53826-405 


0, 


,494 


18, 


,055 


0.017 


-0, 


,049 


0, 


,078 


0, 


,175 


-0 


.377 


0, 


,032 


RGB 


2476-53826-413 


0, 


,535 


17, 


,791 


0.017 


-0, 


,188 


0, 


,062 


0, 


,029 


-0 


.444 


0, 


,019 


RGB 


2476-53826-418 


0, 


,504 


18, 


,063 


0.017 


-0, 


,032 


0, 


,079 


0, 


,192 


-0, 


.465 


0, 


,028 


RGB 


2476-53826-361 


0. 


,638 


16, 


,908 


0.018 


-0, 


,166 


0, 


.037 


0, 


.026 


-0 


.359 


0, 


,014 


RGB 


2476-53826-372 


0. 


,546 


16, 


,868 


0.018 


-0, 


,209 


0, 


.025 


-0, 


.017 


-0 


.450 


0, 


,013 


RGB 


2476-53826-375 


0. 


,544 


17, 


,094 


0.018 


0, 


,041 


0, 


.041 


0, 


.239 


-0 


.435 


0, 


,014 


RGB 


2476-53826-378 


0. 


,618 


16, 


,225 


0.018 


-0, 


,159 


0, 


.018 


0, 


.016 


-0 


.457 


0, 


,006 


RGB 


2476-53826-401 


0, 


,531 


17, 


,438 


0.017 


-0, 


,154 


0, 


,039 


0, 


,053 


-0 


.369 


0, 


,017 


RGB 


2476-53826-404 


0, 


,749 


15, 


,836 


0.018 


-0, 


,011 


0, 


,018 


0, 


,153 


-0, 


.431 


0, 


,007 


RGB 


2476-53826-409 


0. 


,508 


17, 


,321 


0.017 


-0, 


,052 


0, 


.044 


0, 


.152 


-0 


.419 


0, 


,017 


RGB 


2476-53826-451 


0. 


,602 


16, 


,775 


0.019 


-0, 


,257 


0, 


.029 


-0, 


.068 


-0 


.367 


0, 


,014 


RGB 


2476-53826-452 


0. 


,503 


17, 


,369 


0.017 


-0, 


,192 


0, 


.042 


0, 


.013 


-0 


.387 


0, 


,017 


RGB 












M2 
























1961-53299-140 


0. 


,471 


17, 


,276 


0.019 


-0, 


,037 


0, 


.020 


0, 


.207 


-0 


.462 


0, 


,008 


RGB 
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1961- 


■53299- 


■213 


0, 


.467 


17, 


.182 


0, 


.008 


-0. 


,032 


0, 


.019 


0, 


.206 


-0, 


.463 


0, 


,008 


RGB 


1963- 


■54331- 


■098 


0, 


.495 


17. 


.576 





.015 


-0. 


.065 


0, 


.021 


0, 


.199 


-0, 


.438 


0, 


.007 


RGB 


1963- 


■54331- 


■121 





.487 


17. 


.536 





.013 


0. 


,018 


0, 


.018 


0, 


.280 


-0, 


.453 


0, 


.006 


RGB 


1963- 


■54331- 


■126 





.451 


18. 


.287 





.023 


-0. 


,063 


0, 


.033 


0, 


.247 


-0, 


.449 


0, 


.013 


RGB 


1963- 


■54331- 


■128 


0, 


.470 


18. 


.253 


0, 


.022 


-0. 


.006 


0, 


.032 


0, 


.302 


-0, 


.422 


0, 


.012 


RGB 


1963- 


■54331- 


■131 


0, 


.457 


18, 


,210 


0, 


.012 


-0. 


Oil 


0, 


,032 


0, 


,294 


-0, 


.441 


0, 


.011 


RGB 


1963- 


■54331- 


■137 





.475 


17, 


,895 





.008 


-0. 


,172 


0, 


,022 


0, 


,113 


-0, 


.413 


0, 


.010 


RGB 


1963- 


■54331- 


■139 


0, 


.483 


17, 


.919 


0, 


.008 


-0. 


,147 


0, 


.025 


0, 


.139 


-0, 


.414 


0, 


.010 


RGB 


1963- 


■54331- 


■144 


0, 


.471 


17, 


.663 


0, 


.016 


-0. 


,211 


0, 


.020 


0, 


.059 


-0, 


.393 


0, 


.008 


RGB 


1963- 


■54331- 


■164 





.434 


18, 


.434 





.022 


-0. 


,178 


0, 


.029 


0, 


.142 


-0, 


.432 


0, 


.013 


RGB 


1963- 


■54331- 


■178 


0, 


.423 


18, 


.477 


0, 


.016 


-0. 


.164 


0, 


.037 


0, 


.158 


-0, 


.408 


0, 


.014 


RGB 


1963- 


■54331- 


■204 


0, 


.488 


17, 


,953 


0, 


.011 


-0. 


,255 


0, 


,023 


0, 


,033 


-0, 


.394 


0, 


.009 


RGB 


1963- 


■54331- 


■208 


0, 


.461 


17, 


,815 


0, 


.009 


-0. 


,245 


0, 


,022 


0, 


,034 


-0, 


.418 


0, 


.009 


RGB 


1963- 


■54331- 


■209 


0, 


.412 


18, 


.339 


0, 


.012 


-0. 


,106 


0, 


.027 


0, 


.207 


-0, 


.450 


0, 


.012 


RGB 


1963- 


■54331- 


■211 





.463 


18, 


.346 


0, 


.011 


-0. 


,116 


0, 


.028 


0, 


.198 


-0, 


.430 


0, 


.011 


RGB 


1963- 


■54331- 


■217 





.461 


17, 


.824 


0, 


.009 


-0. 


,059 


0, 


.019 


0, 


.221 


-0, 


.456 


0, 


.010 


RGB 


1963- 


■54331- 


■218 





.451 


17, 


.963 





.008 


-0. 


,158 


0, 


.023 


0, 


.131 


-0, 


.444 


0, 


.011 


RGB 


1961- 


■53299- 


■124 


0, 


.598 


16, 


,087 





.020 


-0, 


184 


0, 


,013 


-0, 


,017 


-0 


.358 


0, 


,005 


RGB 


1961- 


■53299- 


■125 


0, 


.592 


15, 


,997 


0, 


.006 


0, 


,175 


0, 


,011 


0, 


,336 


-0, 


.378 


0, 


,005 


RGB 


1961- 


■53299- 


■131 


0, 


.555 


16, 


.680 


0, 


.008 


-0, 


,219 


0, 


.013 


-0, 


.014 


-0, 


.372 


0, 


.008 


RGB 


1961- 


■53299- 


■134 


0, 


.701 


15, 


.105 


0, 


.015 


0. 


,174 


0, 


.008 


0, 


.277 


-0 


.397 


0, 


.004 


RGB 


1961- 


■53299- 


■136 





.529 


16, 


.913 





.011 


-0. 


,243 


0, 


.019 


-0, 


.022 


-0 


.378 


0, 


.008 


RGB 


1961- 


■53299- 


■144 


0, 


.470 


16, 


.940 


0, 


.008 


-0. 


,003 


0, 


.017 


0, 


.219 


-0, 


.464 


0, 


.008 


RGB 


1961- 


■53299- 


■152 


0, 


.570 


16, 


.618 


0, 


.022 


-0. 


.037 


0, 


.014 


0, 


.164 


-0, 


.415 


0, 


.006 


RGB 


1961- 


■53299- 


■159 


0, 


.492 


16, 


,866 


0, 


.009 


-0. 


,028 


0, 


,018 


0, 


,189 


-0, 


.452 


0, 


,007 


RGB 


1961- 


■53299- 


■215 


0, 


.581 


16, 


.353 


0, 


.009 


0. 


,026 


0, 


.013 


0, 


.211 


-0, 


.392 


0, 


.005 


RGB 


1963- 


■54331- 


■043 


0, 


.394 


18, 


.766 


0, 


.027 


-0. 


,128 


0, 


.043 


0, 


.213 


-0, 


.496 


0, 


.015 


SGB 


1963- 


■54331- 


■083 





.342 


18, 


.907 





.015 


-0. 


,204 


0, 


.041 


0, 


.147 


-0, 


.514 


0, 


.019 


SGB 


1963- 


■54331- 


■090 





.354 


18, 


.869 


0, 


.014 


-0. 


,167 


0, 


.035 


0, 


.181 


-0, 


.466 


0, 


.016 


SGB 


1963- 


■54331- 


■091 


0, 


.496 


18, 


.520 


0, 


.026 


-0. 


.287 


0, 


.040 


0, 


.038 


-0, 


.422 


0, 


.014 


SGB 


1963- 


■54331- 


■096 


0, 


.326 


18, 


.954 





.013 


-0. 


,087 


0, 


.040 


0, 


.267 


-0, 


.504 


0, 


.017 


SGB 
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1963- 


■54331- 


■100 


0, 


.340 


18, 


,929 


0, 


.012 


-0. 


,286 


0, 


,044 


0, 


,065 


-0, 


,441 


0, 


,015 


SGB 


1963- 


■54331- 


■102 


0, 


.294 


18. 


,951 





.017 


-0. 


,190 


0, 


,052 


0, 


,163 


-0. 


.506 


0, 


.017 


SGB 


1963- 


■54331- 


■114 





.244 


19, 


,245 


0, 


.019 


-0. 


,195 


0, 


,054 


0, 


,177 


-0. 


,543 


0, 


.018 


SGB 


1963- 


■54331- 


■123 





.415 


18, 


,695 





.009 


-0. 


,132 


0, 


,043 


0, 


,205 


-0. 


,452 


0, 


.018 


SGB 


1963- 


■54331- 


■124 


0, 


.263 


19, 


,069 


0, 


.016 


-0. 


,280 


0, 


,049 


0, 


,081 


-0. 


.571 


0, 


.017 


SGB 


1963- 


■54331- 


■143 


0, 


.352 


18, 


,808 


0, 


.016 


-0, 


,182 


0, 


,040 


0, 


,162 


-0, 


,473 


0, 


.017 


SGB 


1963- 


■54331- 


■145 


0, 


.375 


18, 


,911 





.015 


-0, 


,200 


0, 


,047 


0, 


,150 


-0, 


,453 


0, 


.018 


SGB 


1963- 


■54331- 


■146 


0, 


.231 


19, 


,186 


0, 


.013 


-0, 


,241 


0, 


,053 


0, 


,127 


-0, 


,518 


0, 


.020 


SGB 


1963- 


■54331- 


■147 


0, 


.211 


19, 


,252 


0, 


.017 


-0. 


,225 


0, 


,049 


0, 


,147 


-0. 


,516 


0, 


.020 


SGB 


1963- 


■54331- 


■148 





.380 


18, 


,896 





.014 


-0, 


,122 


0, 


,046 


0, 


,228 


-0. 


,459 


0, 


.020 


SGB 


1963- 


■54331- 


■150 


0, 


.302 


18, 


,980 


0, 


.015 


-0. 


,222 


0, 


,068 


0, 


,133 


-0. 


.555 


0, 


.029 


SGB 


1963- 


■54331- 


■179 


0, 


.234 


19, 


,219 


0, 


.016 


-0, 


167 


0, 


,050 


0, 


,203 


-0, 


,494 


0, 


.018 


SGB 


1963- 


■54331- 


■180 


0, 


.415 


18, 


,721 


0, 


.013 


-0, 


,144 


0, 


,037 


0, 


,195 


-0, 


,490 


0, 


.013 


SGB 


1963- 


■54331- 


■181 


0, 


.201 


19, 


,174 


0, 


.015 


-0, 


,329 


0, 


,038 


0, 


,039 


-0, 


,511 


0, 


.016 


SGB 


1963- 


■54331- 


■184 





.414 


18, 


,640 





.012 


-0. 


,185 


0, 


,037 


0, 


,148 


-0. 


,478 


0, 


.013 


SGB 


1963- 


■54331- 


■189 


0, 


.215 


19, 


,273 


0, 


.017 


-0. 


,243 


0, 


,047 


0, 


,131 


-0. 


,535 


0, 


.018 


SGB 


1963- 


■54331- 


■194 





.272 


19, 


,216 





.015 


-0, 


,207 


0, 


,047 


0, 


,164 


-0. 


,552 


0, 


.019 


SGB 


1963- 


■54331- 


■196 


0, 


.157 


19, 


,245 


0, 


.015 


-0, 


,283 


0, 


,046 


0, 


,089 


-0, 


,528 


0, 


.020 


SGB 


1963- 


■54331- 


■201 


0, 


.390 


18, 


,658 


0, 


.011 


-0, 


116 


0, 


,033 


0, 


,218 


-0, 


,481 


0, 


,015 


SGB 


1963- 


■54331- 


■206 


0, 


.218 


19, 


,258 


0, 


.012 


-0, 


,329 


0, 


,048 


0, 


,044 


-0, 


,523 


0, 


.023 


SGB 


1963- 


■54331- 


■212 





.423 


18, 


,636 


0, 


.012 


-0. 


,315 


0, 


,038 


0, 


,018 


-0. 


.441 


0, 


.013 


SGB 


1963- 


■54331- 


■223 





.273 


19, 


,280 





.019 


-0, 


,263 


0, 


,045 


0, 


,112 


-0. 


,508 


0, 


.022 


SGB 


1963- 


■54331- 


■254 


0, 


.237 


19, 


,273 


0, 


.019 


-0. 


,362 


0, 


,055 


0, 


,012 


-0. 


.536 


0, 


.021 


SGB 


1963- 


■54331- 


■041 


0, 


.246 


19, 


,492 


0, 


.028 


-0, 


,258 


0, 


,070 


-0, 


,126 


-0. 


.514 


0, 


.024 


MS 


1963- 


■54331- 


■045 


0, 


.214 


19, 


,350 


0, 


.027 


-0, 


144 


0, 


,055 


-0, 


,022 


-0, 


,562 


0, 


,019 


MS 


1963- 


■54331- 


■082 


0, 


.271 


19, 


,536 


0, 


.028 


-0, 


,156 


0, 


,067 


-0, 


,022 


-0, 


,485 


0, 


.023 


MS 


1963- 


■54331- 


■154 


0, 


.224 


19, 


,588 


0, 


.023 


-0. 


,226 


0, 


,067 


-0, 


,088 


-0. 


.554 


0, 


.025 


MS 


1963- 


■54331- 


■156 





.211 


19, 


,443 





.020 


-0, 


,239 


0, 


,059 


-0, 


,111 


-0. 


.564 


0, 


.024 


MS 


1963- 


■54331- 


■162 





.200 


19, 


,585 





.022 


-0. 


,161 


0, 


,069 


-0, 


,023 


-0. 


,537 


0, 


.025 


MS 


1963- 


■54331- 


■169 


0, 


.233 


19, 


,599 


0, 


.018 


-0. 


,181 


0, 


,061 


-0, 


,043 


-0. 


.558 


0, 


.024 


MS 


1963- 


■54331- 


■170 


0, 


.166 


19, 


,483 





.017 


-0, 


,252 


0, 


,059 


-0, 


,121 


-0. 


,563 


0, 


.022 


MS 
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1963-54331- 


-185 


0, 


.201 


19, 


,507 


0.018 


-0, 


,329 


0, 


,059 


-0, 


,197 


-0, 


.527 


0, 


,022 


MS 


1963-54331- 


-186 


0, 


.188 


19. 


,654 


0.022 


-0. 


,238 


0, 


,061 


-0, 


,096 


-0, 


.509 


0, 


,024 


MS 


1963-54331- 


-197 





.203 


19, 


,581 


0.019 


-0. 


,183 


0, 


,061 


-0, 


,046 


-0 


.553 


0, 


,022 


MS 


1963-54331- 


-200 





.221 


19, 


,563 


0.020 


-0. 


,274 


0, 


,056 


-0, 


,138 


-0 


.537 


0, 


,025 


MS 


1963-54331- 


■207 


0, 


.230 


19, 


,495 


0.015 


-0. 


.187 


0, 


,067 


-0, 


,055 


-0, 


.558 


0, 


,022 


MS 


1963-54331- 


-220 


0, 


.227 


19, 


,336 


0.014 


-0, 


,287 


0, 


,048 


-0, 


,166 


-0, 


.506 


0, 


,018 


MS 


1963-54331- 


-222 


0, 


.199 


19, 


,344 


0.017 
M13 


-0, 


,233 


0, 


,049 


-0, 


,111 


-0, 


.508 


0, 


,021 


MS 


2174-53521- 


-087 





.462 


17, 


,258 


0.016 


-0, 


,117 


0, 


,026 


0, 


,100 


-0, 


.431 


0, 


,010 


RGB 


2174^53521- 


-094 





.464 


17, 


,245 


0.016 


-0, 


,270 


0, 


,022 


-0, 


,053 


-0 


.409 


0, 


,008 


RGB 


2174^53521- 


-121 


0, 


.543 


16, 


,227 


0.011 


-0. 


.031 


0, 


,013 


0, 


,167 


-0, 


.437 


0, 


,006 


RGB 


2174-53521- 


-126 


0, 


.478 


17, 


,014 


0.013 


-0, 


,048 


0, 


,019 


0, 


,164 


-0, 


.487 


0, 


,009 


RGB 


2174-53521- 


-128 


0, 


.458 


17, 


,480 


0.008 


0, 


,181 


0, 


,041 


0, 


,402 


-0, 


.445 


0, 


,013 


RGB 


2174-53521- 


-133 


0, 


.495 


16, 


,876 


0.008 


-0, 


,075 


0, 


,017 


0, 


,135 


-0, 


.424 


0, 


,007 


RGB 


2174^53521- 


-134 





.452 


17, 


,284 


0.011 


-0, 


,190 


0, 


,019 


0, 


,028 


-0, 


.422 


0, 


,010 


RGB 


2174-53521- 


-155 


0, 


.514 


16, 


,521 


0.007 


-0, 


,008 


0, 


,016 


0, 


,196 


-0, 


.431 


0, 


,007 


RGB 


2174^53521- 


-407 





.518 


16, 


,612 


0.009 


-0, 


,215 


0, 


,011 


-0, 


,010 


-0, 


.394 


0, 


,006 


RGB 


2174-53521- 


-412 


0, 


.506 


17, 


,467 


0.016 


-0, 


,051 


0, 


,023 


0, 


,169 


-0, 


.489 


0, 


,009 


RGB 


2174-53521- 


■414 





.547 


17, 


,456 


0.016 


-0, 


,091 


0, 


,018 


0, 


,129 


-0, 


.442 


0, 


,009 


RGB 


2174-53521- 


-456 


0, 


.463 


17, 


,371 


0.014 


-0, 


,075 


0, 


,019 


0, 


,144 


-0, 


.473 


0, 


,008 


RGB 


2174^53521- 


-461 





.465 


17, 


,359 


0.009 


-0. 


.216 


0, 


,020 


0, 


,003 


-0, 


.408 


0, 


,010 


RGB 


2174^53521- 


-471 





.538 


16, 


,278 


0.006 


-0. 


,113 


0, 


,011 


0, 


,086 


-0, 


.406 


0, 


,006 


RGB 


2174-53521- 


-480 


0, 


.489 


16, 


,899 


0.009 


-0. 


,124 


0, 


,016 


0, 


,086 


-0, 


.415 


0, 


,007 


RGB 


2174^53521- 


-529 


0, 


.520 


16, 


,474 


0.020 


-0. 


,216 


0, 


,011 


-0, 


,013 


-0, 


.381 


0, 


,006 


RGB 


2174-53521- 


-563 


0, 


.516 


16, 


,408 


0.015 


-0, 


119 


0, 


,013 


0, 


,083 


-0, 


.397 


0, 


,006 


RGB 


2255-53565- 


-114 


0, 


.466 


17, 


,080 


0.012 


-0, 


,097 


0, 


,019 


0, 


,117 


-0, 


.467 


0, 


,009 


RGB 


2255-53565- 


-116 


0, 


.540 


16, 


,291 


0.009 


-0. 


,132 


0, 


,013 


0, 


,068 


-0, 


.396 


0, 


,005 


RGB 


2255-53565- 


-437 





.454 


17, 


,471 


0.009 


-0. 


,122 


0, 


,025 


0, 


,099 


-0 


.467 


0, 


,010 


RGB 


2255-53565- 


-476 





.469 


17, 


,172 


0.009 


-0. 


,082 


0, 


,021 


0, 


,133 


-0, 


.426 


0, 


,009 


RGB 


2255-53565- 


-490 


0, 


.514 


16, 


,279 


0.007 


-0. 


.049 


0, 


,009 


0, 


,151 


-0, 


.429 


0, 


,005 


RGB 


2255-53565- 


-556 


0, 


.464 


17, 


,253 


0.007 


-0. 


,076 


0, 


,018 


0, 


,141 


-0, 


.462 


0, 


,007 


RGB 



Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2255-53565- 


-597 


0. 


,523 


16, 


.411 


0, 


.006 


-0. 


,133 


0. 


.011 


0. 


.069 


-0, 


.391 


0. 


.006 


RGB 


2174^53521- 


-082 


0. 


.579 


15, 


.424 





.013 


0. 


,066 


0. 


.010 


0. 


.250 


-0. 


.387 


0. 


.004 


RGB 


2174-53521- 


-093 


0. 


,636 


15, 


.225 





.012 


-0. 


,167 


0. 


.008 


0. 


.014 


-0. 


.352 


0. 


.004 


RGB 


2174^53521- 


-098 


0. 


,586 


15, 


.525 





.009 


-0. 


,191 


0. 


.008 


-0. 


.005 


-0. 


.372 


0. 


.004 


RGB 


2174^53521- 


-137 


0. 


,560 


15, 


.567 


0. 


.006 


0. 


,054 


0. 


.009 


0. 


.241 


-0. 


.438 


0. 


.004 


RGB 


2174-53521- 


-145 


0, 


,655 


14, 


,969 


0, 


.012 


-0. 


Oil 


0. 


,007 


0. 


,165 


-0, 


.361 


0. 


,004 


RGB 


2174-53521- 


■154 


0, 


,609 


15, 


,058 





.005 


0. 


121 


0. 


,009 


0. 


,299 


-0 


.386 


0. 


,004 


RGB 


2174-53521- 


-156 


0, 


,589 


15, 


,656 


0, 


.006 


0. 


,029 


0. 


,010 


0. 


,217 


-0, 


.399 


0. 


,005 


RGB 


2174-53521- 


-158 


0. 


,523 


15, 


,567 


0. 


.015 


0. 


,041 


0. 


,010 


0. 


,228 


-0 


.395 


0. 


,006 


RGB 


2174^53521- 


-159 


0. 


,619 


15, 


,025 





.008 


0. 


,132 


0. 


,008 


0. 


,309 


-0 


.438 


0. 


,004 


RGB 


2174^53521- 


-160 


0. 


,589 


15. 


,354 


0. 


.007 


0. 


,073 


0. 


,008 


0. 


,256 


-0. 


.434 


0. 


,004 


RGB 


2174-53521- 


-166 


0, 


,585 


15. 


,623 


0, 


.005 


-0. 


185 


0. 


,009 


0. 


,003 


-0, 


.361 


0. 


,005 


RGB 


2174-53521- 


-167 


0, 


,626 


14. 


,817 


0, 


.010 


0. 


,144 


0. 


,008 


0. 


,317 


-0, 


.427 


0. 


,005 


RGB 


2174-53521- 


-168 


0, 


,579 


15. 


,244 


0, 


.012 


0. 


,120 


0. 


,009 


0. 


,301 


-0, 


.420 


0. 


,005 


RGB 


2174^53521- 


-171 


0. 


,660 


14. 


,958 


0. 


.011 


-0. 


,041 


0. 


,007 


0. 


,135 


-0 


.353 


0. 


,004 


RGB 


2174-53521- 


-172 


0. 


,609 


15. 


,298 


0. 


.010 


0. 


,088 


0. 


,009 


0. 


,269 


-0. 


.371 


0. 


,004 


RGB 


2174^53521- 


-176 


0. 


,565 


15. 


,730 





.005 


-0. 


,079 


0. 


,011 


0. 


,110 


-0. 


.359 


0. 


,005 


RGB 


2174-53521- 


-215 


0, 


,564 


15. 


,346 


0, 


.016 


-0. 


,059 


0. 


,008 


0. 


,124 


-0, 


.377 


0. 


,005 


RGB 


2174-53521- 


■376 


0, 


,571 


15. 


,783 


0, 


.015 


0. 


,007 


0. 


,008 


0. 


,198 


-0, 


.429 


0. 


,004 


RGB 


2174-53521- 


-410 


0, 


,635 


15. 


,329 


0, 


.008 


0. 


,053 


0. 


,007 


0. 


,235 


-0, 


.384 


0. 


,005 


RGB 


2174^53521- 


-413 


0. 


,571 


15. 


,535 


0. 


.012 


0. 


,051 


0. 


,008 


0. 


,237 


-0 


.452 


0. 


,005 


RGB 


2174^53521- 


-443 


0. 


,587 


15. 


,333 





.015 


0. 


,087 


0. 


,007 


0. 


,269 


-0, 


.438 


0. 


,004 


RGB 


2174-53521- 


-449 


0. 


,584 


15. 


,349 


0. 


.014 


0. 


,081 


0. 


,007 


0. 


,264 


-0. 


.406 


0. 


,004 


RGB 


2174^53521- 


-452 


0. 


,608 


15. 


,112 


0. 


.013 


-0. 


,193 


0. 


,007 


-0. 


,015 


-0. 


.358 


0. 


,003 


RGB 


2174-53521- 


-453 


0, 


,609 


15. 


,286 


0, 


.021 


-0. 


155 


0. 


,007 


0. 


,027 


-0, 


.372 


0. 


,004 


RGB 


2174-53521- 


-455 


0. 


,599 


15. 


,378 


0, 


.009 


0. 


,086 


0. 


,007 


0. 


,270 


-0, 


.388 


0. 


,005 


RGB 


2174^53521- 


-457 


0. 


,617 


15. 


,178 


0. 


.011 


0. 


,065 


0. 


,006 


0. 


,245 


-0. 


.390 


0. 


,004 


RGB 


2174^53521- 


-458 


0. 


,611 


15. 


,068 





.014 


0. 


,130 


0. 


,006 


0. 


,307 


-0 


.414 


0. 


,004 


RGB 


2174-53521- 


-459 


0. 


,558 


15. 


,201 


0. 


.016 


0. 


,047 


0. 


,007 


0. 


,227 


-0 


.363 


0. 


,004 


RGB 


2174^53521- 


-460 


0. 


,621 


14. 


,823 


0. 


.012 


0. 


,138 


0. 


,006 


0. 


,311 


-0. 


.443 


0. 


,004 


RGB 


2174-53521- 


-462 


0. 


,617 


15. 


,126 


0. 


.014 


-0. 


,194 


0. 


,006 


-0. 


,016 


-0. 


.351 


0. 


,004 


RGB 



Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2174-53521- 


-463 


0, 


.576 


15, 


,630 


0, 


.005 


0. 


,076 


0, 


,010 


0, 


,264 


-0, 


.420 


0, 


,004 


RGB 


2174^53521- 


-470 


0, 


.624 


14. 


,850 





.007 


0. 


.138 


0, 


,006 


0, 


,312 


-0, 


.403 


0, 


.004 


RGB 


2174-53521- 


-476 


0, 


.544 


15, 


,727 


0, 


.008 


0. 


,334 


0, 


,008 


0, 


,523 


-0, 


.367 


0, 


.005 


RGB 


2174^53521- 


-477 





.634 


15, 


,217 





.006 


-0. 


,153 


0, 


,008 


0, 


,027 


-0, 


.352 


0, 


.005 


RGB 


2174^53521- 


-478 


0, 


.580 


15, 


,422 


0, 


.008 


0. 


.069 


0, 


,008 


0, 


,253 


-0, 


.430 


0, 


.005 


RGB 


2174-53521- 


-483 


0, 


.609 


15, 


,141 


0, 


.013 


0, 


,077 


0, 


,007 


0, 


,256 


-0, 


.382 


0, 


.004 


RGB 


2174-53521- 


■484 





.629 


15, 


,187 





,015 


-0, 


,018 


0, 


,007 


0, 


,162 


-0 


.365 


0, 


.004 


RGB 


2174-53521- 


-485 


0, 


.549 


15, 


,489 


0, 


.016 


0, 


,044 


0, 


,007 


0, 


,229 


-0, 


.449 


0, 


.004 


RGB 


2174-53521- 


-488 





.573 


15, 


,725 


0, 


.013 


-0. 


,060 


0, 


,008 


0, 


,129 


-0, 


.373 


0, 


.005 


RGB 


2174^53521- 


-489 





.604 


15, 


,576 





.009 


0. 


,083 


0, 


,009 


0, 


,270 


-0, 


.435 


0, 


.004 


RGB 


2174^53521- 


-493 


0, 


.604 


15. 


,088 


0, 


.024 


0. 


.042 


0, 


,006 


0, 


,220 


-0, 


.407 


0, 


.003 


RGB 


2174-53521- 


-494 





.620 


15, 


,143 


0, 


.019 


0, 


,092 


0, 


,007 


0, 


,271 


-0, 


.435 


0, 


.004 


RGB 


2174-53521- 


-495 


0, 


.573 


15, 


,998 


0, 


.015 


-0, 


,110 


0, 


,009 


0, 


,085 


-0, 


.396 


0, 


.005 


RGB 


2174-53521- 


-497 


0, 


.628 


15, 


,410 


0, 


.009 


0, 


,100 


0, 


,008 


0, 


,283 


-0, 


.422 


0, 


.004 


RGB 


2174^53521- 


-498 





.600 


15, 


,122 





.006 


0. 


,023 


0, 


,007 


0, 


,202 


-0, 


.376 


0, 


.004 


RGB 


2174-53521- 


-499 





.607 


15, 


,089 


0, 


.014 


0. 


,135 


0, 


,007 


0, 


,313 


-0, 


.416 


0, 


.004 


RGB 


2174^53521- 


-500 





.602 


15, 


,302 





.011 


-0. 


,169 


0, 


,006 


0, 


,013 


-0, 


.365 


0, 


.004 


RGB 


2174-53521- 


-522 





.584 


15, 


,503 





.010 


0, 


,083 


0, 


,008 


0, 


,269 


-0, 


.417 


0, 


.004 


RGB 


2174-53521- 


-530 


0, 


.620 


15, 


,287 


0, 


.004 


0, 


112 


0, 


,007 


0, 


,294 


-0, 


.393 


0, 


.004 


RGB 


2174-53521- 


-531 


0, 


.615 


15, 


,229 


0, 


.006 


-0, 


,196 


0, 


,008 


-0, 


,016 


-0, 


.354 


0, 


.004 


RGB 


2174^53521- 


-537 





.532 


15, 


,965 


0, 


.007 


-0. 


.033 


0, 


,007 


0, 


,161 


-0 


.396 


0, 


.004 


RGB 


2174^53521- 


-538 





.630 


15, 


,042 





.003 


0. 


,079 


0, 


,006 


0, 


,256 


-0, 


.382 


0, 


.005 


RGB 


2174-53521- 


-542 





.616 


15, 


,276 


0, 


.010 


0. 


,092 


0, 


,007 


0, 


,273 


-0 


.383 


0, 


.004 


RGB 


2174^53521- 


-554 


0, 


.562 


15, 


,843 


0, 


.009 


-0. 


,022 


0, 


,008 


0, 


,169 


-0, 


.409 


0, 


.004 


RGB 


2255-53565- 


-112 


0, 


.636 


15, 


,225 


0, 


.012 


-0, 


184 


0, 


,045 


-0, 


,003 


-0, 


.347 


0, 


,021 


RGB 


2255-53565- 


-120 


0, 


.586 


15, 


,525 


0, 


.009 


-0. 


,175 


0, 


,008 


0, 


,010 


-0, 


.374 


0, 


.005 


RGB 


2255-53565- 


-143 


0, 


.544 


15, 


,959 


0, 


.011 


0. 


,006 


0, 


,010 


0, 


,199 


-0, 


.415 


0, 


.005 


RGB 


2255-53565- 


-144 





.523 


15, 


,567 





.015 


0. 


,019 


0, 


,009 


0, 


,206 


-0 


.397 


0, 


.004 


RGB 


2255-53565- 


-148 


0, 


.557 


15, 


,819 


0, 


.007 


0. 


,096 


0, 


,010 


0, 


,287 


-0, 


.412 


0, 


.005 


RGB 


2255-53565- 


-153 


0, 


.564 


15, 


,684 


0, 


.008 


0. 


.050 


0, 


,010 


0. 


,238 


-0, 


.415 


0, 


.004 


RGB 


2255-53565- 


-157 





.623 


15, 


,107 


0, 


.007 


-0. 


,188 


0, 


,007 


-0, 


,010 


-0 


.347 


0, 


.003 


RGB 



-48 - 



Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2255-53565- 


-171 


0, 


.589 


15, 


.354 


0, 


.007 


0. 


,074 


0, 


,007 


0. 


,257 


-0, 


.439 


0, 


,004 


RGB 


2255-53565- 


-175 


0, 


.565 


15. 


.730 





.005 


-0. 


,065 


0, 


,009 


0. 


,124 


-0, 


.370 


0, 


.005 


RGB 


2255-53565- 


-426 





.571 


15. 


.535 





.012 


0. 


,071 


0, 


,007 


0. 


,257 


-0, 


.444 


0, 


.004 


RGB 


2255-53565- 


-483 





.617 


15. 


.126 





.014 


-0. 


,188 


0, 


,007 


-0. 


,010 


-0, 


.349 


0, 


.004 


RGB 


2255-53565- 


-485 


0, 


.561 


15. 


.581 


0, 


.009 


0. 


.060 


0, 


,010 


0. 


,247 


-0, 


.430 


0, 


.005 


RGB 


2255-53565- 


-486 


0, 


.603 


15, 


,229 


0, 


.004 


0. 


104 


0, 


,056 


0, 


,284 


-0, 


.358 


0, 


,018 


RGB 


2255-53565- 


-495 





.630 


14, 


,660 





.022 


-0, 


160 


0, 


,039 


0, 


,010 


-0 


.352 


0, 


,012 


RGB 


2255-53565- 


-496 


0, 


.624 


14, 


.850 


0, 


.007 


0, 


,091 


0, 


,034 


0, 


.265 


-0, 


.400 


0, 


,011 


RGB 


2255-53565- 


-504 


0, 


.637 


14, 


.477 


0, 


.005 


-0. 


Oil 


0, 


,036 


0, 


.156 


-0 


.378 


0, 


,011 


RGB 


2255-53565- 


-510 





.576 


15, 


.630 





.005 


0. 


,065 


0, 


,008 


0, 


.253 


-0 


.415 


0, 


,005 


RGB 


2255-53565- 


-512 


0, 


.600 


15. 


.122 


0, 


.006 


0. 


,060 


0, 


,046 


0, 


.238 


-0, 


.382 


0, 


,017 


RGB 


2255-53565- 


-515 


0, 


.544 


15, 


,727 


0, 


.008 


0. 


,314 


0, 


,011 


0, 


,504 


-0, 


.350 


0, 


,004 


RGB 


2255-53565- 


-520 


0, 


.602 


14, 


,930 


0, 


.015 


0. 


,019 


0, 


,042 


0, 


,194 


-0, 


.454 


0, 


,014 


RGB 


2255-53565- 


-542 


0, 


.584 


15, 


.503 


0, 


.010 


0. 


,084 


0, 


,007 


0, 


.269 


-0, 


.418 


0, 


.004 


RGB 


2255-53565- 


-543 





.604 


15, 


.576 





.009 


0. 


,069 


0, 


,008 


0, 


.256 


-0 


.427 


0, 


.004 


RGB 


2255-53565- 


-544 


0, 


.606 


15, 


.131 


0, 


.015 


0. 


,048 


0, 


,044 


0, 


.227 


-0, 


.427 


0, 


.017 


RGB 


2255-53565- 


-545 





.591 


15, 


.473 





.007 


0. 


,073 


0, 


,008 


0, 


.258 


-0 


.442 


0, 


.004 


RGB 


2255-53565- 


-548 


0, 


.628 


15, 


,410 


0, 


.009 


0. 


,099 


0, 


,008 


0, 


,283 


-0 


.421 


0, 


,005 


RGB 


2255-53565- 


-550 


0, 


.573 


15, 


,725 


0, 


.013 


-0. 


,074 


0, 


,007 


0, 


,116 


-0, 


.372 


0, 


,004 


RGB 


2255-53565- 


-551 


0, 


.615 


15, 


.229 


0, 


.006 


-0. 


,197 


0, 


.007 


-0, 


.016 


-0, 


.346 


0, 


.004 


RGB 


2255-53565- 


-552 


0, 


.639 


14, 


.555 


0, 


.005 


0. 


,155 


0, 


.034 


0, 


.323 


-0 


.412 


0, 


.010 


RGB 


2255-53565- 


-553 





.585 


15, 


.382 





.007 


0. 


,091 


0, 


.006 


0, 


.274 


-0, 


.430 


0, 


.003 


RGB 


2255-53565- 


-557 





.630 


15, 


.042 


0, 


.003 


0. 


,091 


0, 


.039 


0, 


.268 


-0, 


.389 


0, 


.016 


RGB 


2255-53565- 


-559 


0, 


.644 


14, 


.741 


0, 


.014 


0. 


.037 


0, 


.028 


0, 


.209 


-0, 


.427 


0, 


.009 


RGB 


2255-53565- 


-586 


0, 


.636 


14, 


.521 


0, 


.009 


-0. 


,173 


0, 


,025 


-0, 


,005 


-0, 


.453 


0, 


,011 


RGB 


2255-53565- 


-589 


0, 


.620 


15, 


.287 


0, 


.004 


0. 


,104 


0, 


.007 


0, 


.286 


-0, 


.395 


0, 


.004 


RGB 


2174^53521- 


-054 


0, 


.423 


17, 


.814 


0, 


.014 


-0. 


,249 


0, 


.031 


-0, 


.022 


-0, 


.515 


0, 


.012 


SGB 


2174^53521- 


-131 





.267 


18, 


.175 





.010 


-0. 


,219 


0, 


.008 


0, 


.015 


-0 


.347 


0, 


.004 


SGB 


2174-53521- 


-146 





.427 


17, 


.680 





.013 


-0. 


,144 


0, 


.033 


0, 


.080 


-0, 


.479 


0, 


.012 


SGB 


2174^53521- 


-149 


0, 


.422 


17, 


.781 


0, 


.013 


-0. 


.159 


0, 


.035 


0, 


.067 


-0, 


.466 


0, 


.015 


SGB 


2174-53521- 


-174 


0, 


.426 


17, 


.904 


0, 


.017 


-0. 


,001 


0, 


.039 


0, 


.228 


-0 


.474 


0, 


.016 


SGB 
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2174-53521- 


-368 


0, 


.461 


17, 


,507 


0, 


.016 


-0. 


,230 


0, 


,023 


-0, 


,009 


-0, 


.433 


0, 


,011 


SGB 


2174^53521- 


-402 





.412 


17. 


,810 





.009 


-0. 


.193 


0, 


,027 


0, 


,034 


-0, 


.441 


0, 


,012 


SGB 


2174-53521- 


-403 





.373 


17. 


,981 





.010 


-0. 


,142 


0, 


,028 


0, 


,088 


-0 


.492 


0, 


,012 


SGB 


2174^53521- 


-406 





.406 


17. 


,893 





.008 


-0. 


,157 


0, 


,022 


0, 


,072 


-0, 


.465 


0, 


,012 


SGB 


2174^53521- 


-445 


0, 


.403 


17. 


,893 


0, 


.011 


-0. 


,131 


0, 


,026 


0, 


,098 


-0, 


.500 


0, 


,011 


SGB 


2174-53521- 


-447 


0, 


.443 


17, 


,683 


0, 


.011 


-0. 


123 


0, 


,025 


0, 


,101 


-0, 


.477 


0, 


,011 


SGB 


2174-53521- 


■474 





.459 


17, 


,612 





.008 


-0, 


128 


0, 


,022 


0, 


,096 


-0 


.452 


0, 


,010 


SGB 


2174-53521- 


-481 


0, 


.408 


17, 


,867 


0, 


.010 


-0, 


,129 


0, 


.039 


0, 


,099 


-0, 


.462 


0, 


,014 


SGB 


2174-53521- 


-533 


0, 


.437 


17, 


,797 


0, 


.009 


-0. 


,181 


0, 


.030 


0, 


,046 


-0 


.465 


0, 


,012 


SGB 


2174^53521- 


-539 





.473 


17, 


,657 





.007 


-0. 


,203 


0, 


.021 


0, 


,022 


-0 


.399 


0, 


,012 


SGB 


2174^53521- 


-560 


0, 


.528 


17, 


,547 


0, 


.008 


-0. 


.150 


0, 


.019 


0, 


,072 


-0, 


.445 


0, 


,009 


SGB 


2174-53521- 


-565 


0, 


.422 


17, 


,915 


0, 


.008 


-0. 


,255 


0, 


,020 


-0, 


,026 


-0, 


.451 


0, 


,013 


SGB 


2174-53521- 


-573 


0, 


.369 


17, 


,961 


0, 


.014 


-0. 


,254 


0, 


,026 


-0, 


,025 


-0, 


.427 


0, 


,012 


SGB 


2174-53521- 


-576 


0, 


.449 


17, 


,672 


0, 


.007 


-0. 


,120 


0, 


,022 


0, 


,105 


-0, 


.428 


0, 


.011 


SGB 


2174^53521- 


-577 





.421 


17, 


,902 





.009 


-0. 


,172 


0, 


,024 


0, 


,056 


-0 


.447 


0, 


.012 


SGB 


2185-53532- 


-141 


0, 


.227 


18, 


,392 


0, 


.019 


-0. 


,249 


0, 


,020 


-0, 


,012 


-0, 


.525 


0, 


.008 


SGB 


2185-53532- 


-153 





.379 


18, 


,098 





.015 


-0. 


,241 


0, 


,015 


-0, 


,009 


-0, 


.494 


0, 


.006 


SGB 


2185-53532- 


-237 


0, 


.286 


18, 


,063 


0, 


.017 


-0, 


,243 


0, 


,018 


-0, 


,011 


-0, 


.523 


0, 


,007 


SGB 


2185-53532- 


■388 


0, 


.240 


18, 


,283 


0, 


.016 


-0, 


,270 


0, 


,015 


-0, 


,035 


-0, 


.524 


0, 


,007 


SGB 


2185-53532- 


-425 


0, 


.262 


18, 


,304 


0, 


.022 


-0, 


,241 


0, 


,014 


-0, 


,005 


-0, 


.539 


0, 


,007 


SGB 


2185-53532- 


-426 





.336 


18, 


,012 





.016 


-0. 


,192 


0, 


,013 


0, 


,038 


-0 


.509 


0, 


,006 


SGB 


2185-53532- 


-427 





.350 


18, 


,001 





.016 


-0. 


,178 


0, 


,013 


0, 


,052 


-0, 


.522 


0, 


,006 


SGB 


2185-53532- 


-439 


0, 


.278 


18, 


,125 





.016 


-0. 


,232 


0, 


,012 


0, 


,001 


-0, 


.520 


0, 


,006 


SGB 


2185-53532- 


-461 


0, 


.234 


18, 


,368 


0, 


.010 


-0. 


,241 


0, 


,014 


-0, 


,005 


-0, 


.546 


0, 


,006 


SGB 


2185-53532- 


-462 


0, 


.273 


18, 


,194 


0, 


.018 


-0. 


,232 


0, 


,014 


0, 


,001 


-0, 


.519 


0, 


,006 


SGB 


2185-53532- 


-481 


0, 


.270 


18, 


,195 


0, 


.008 


-0. 


,262 


0, 


.014 


-0, 


,028 


-0, 


.523 


0, 


,006 


SGB 


2185-53532- 


-482 


0, 


.311 


18, 


,100 


0, 


.008 


-0. 


,236 


0, 


.015 


-0, 


,004 


-0, 


.514 


0, 


,007 


SGB 


2185-53532- 


-487 





.271 


18, 


,319 





.010 


-0. 


,255 


0, 


.016 


-0, 


,019 


-0 


.529 


0, 


,007 


SGB 


2185-53532- 


-492 





.285 


18, 


,167 





.015 


-0. 


,263 


0, 


.011 


-0, 


,030 


-0, 


.520 


0, 


,006 


SGB 


2185-53532- 


-493 


0, 


.219 


18, 


,347 


0, 


.013 


-0. 


,248 


0, 


.013 


-0, 


,011 


-0, 


.522 


0, 


,007 


SGB 


2185-53532- 


-506 


0, 


.372 


18, 


,036 


0, 


.012 


-0. 


,184 


0, 


.012 


0, 


,047 


-0, 


.502 


0, 


,006 


SGB 
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2185- 


■53532- 


■512 


0, 


.252 


18, 


,258 


0, 


.010 


-0. 


,254 


0, 


,012 


-0, 


,019 


-0, 


.515 


0, 


,006 


SGB 


2185- 


■53532- 


■520 


0, 


.261 


18. 


,398 





.013 


-0. 


,254 


0, 


,013 


-0, 


,016 


-0, 


.528 


0, 


,007 


SGB 


2185- 


■53532- 


■543 





.266 


18, 


,284 


0, 


.010 


-0. 


,216 


0, 


,014 


0, 


,020 


-0 


.527 


0, 


,007 


SGB 


2185- 


■53532- 


■553 





.334 


18, 


,065 





.011 


-0. 


,214 


0, 


,012 


0, 


,018 


-0, 


.486 


0, 


,006 


SGB 


2185- 


■53532- 


■554 


0, 


.269 


18, 


,347 


0, 


.012 


-0. 


,249 


0, 


,015 


-0, 


,012 


-0, 


.533 


0, 


,006 


SGB 


2255- 


■53565- 


■103 


0, 


.383 


17, 


,974 


0, 


.014 


-0, 


,155 


0, 


,030 


0, 


,075 


-0, 


.509 


0, 


,013 


SGB 


2255- 


■53565- 


■115 





.394 


17, 


,934 





.014 


-0, 


169 


0, 


,030 


0, 


,060 


-0 


.506 


0, 


,012 


SGB 


2255- 


■53565- 


■173 


0, 


.453 


17, 


,636 


0, 


.012 


-0, 


,131 


0, 


,041 


0, 


,093 


-0, 


.428 


0, 


,016 


SGB 


2255- 


■53565- 


■424 





.424 


17, 


,789 


0, 


.011 


-0. 


,130 


0, 


,032 


0, 


,096 


-0, 


.429 


0, 


,015 


SGB 


2255- 


■53565- 


■425 





.396 


17, 


,915 





.010 


-0, 


,152 


0, 


,030 


0, 


,077 


-0, 


.433 


0, 


,012 


SGB 


2255- 


■53565- 


■432 


0, 


.389 


17, 


,981 


0, 


.011 


-0. 


,190 


0, 


,032 


0, 


,040 


-0, 


.451 


0, 


,014 


SGB 


2255- 


■53565- 


■466 


0, 


.391 


17, 


,856 


0, 


.020 


-0, 


,142 


0, 


,027 


0, 


,085 


-0, 


.482 


0, 


,013 


SGB 


2185- 


■53532- 


■106 


0, 


.275 


19, 


,687 


0, 


.019 


-0, 


,197 


0, 


,048 


0, 


,064 


-0, 


.494 


0, 


,020 


MS 


2185- 


■53532- 


■111 


0, 


.242 


18, 


,572 


0, 


.016 


-0, 


,259 


0, 


,028 


-0, 


,018 


-0, 


.541 


0, 


,011 


MS 


2185- 


■53532- 


■113 





.333 


19, 


,812 





.020 


-0, 


,193 


0, 


,072 


0, 


,070 


-0 


.569 


0, 


,027 


MS 


2185- 


■53532- 


■116 


0, 


.258 


19, 


,363 


0, 


.018 


-0, 


,252 


0, 


,041 


0, 


,003 


-0, 


.506 


0, 


,016 


MS 


2185- 


■53532- 


■120 





.282 


19, 


,189 





.018 


-0, 


,280 


0, 


,036 


-0, 


,028 


-0 


.534 


0, 


,015 


MS 


2185- 


■53532- 


■143 


0, 


.245 


18, 


,517 


0, 


.018 


-0, 


186 


0, 


,022 


0, 


,053 


-0, 


.520 


0, 


,010 


MS 


2185- 


■53532- 


■146 


0, 


.294 


19, 


,753 


0, 


.021 


-0, 


,386 


0, 


,051 


-0, 


,124 


-0, 


.544 


0, 


,021 


MS 


2185- 


■53532- 


■148 


0, 


.251 


18, 


,997 


0, 


.016 


-0, 


,262 


0, 


,024 


-0, 


,013 


-0, 


.538 


0, 


,011 


MS 


2185- 


■53532- 


■150 


0, 


.238 


18, 


,782 


0, 


.021 


-0. 


,260 


0, 


,025 


-0, 


,015 


-0 


.537 


0, 


,010 


MS 


2185- 


■53532- 


■151 





.279 


19, 


,422 





.018 


-0, 


,158 


0, 


,038 


0, 


,098 


-0, 


.535 


0, 


,016 


MS 


2185- 


■53532- 


■152 


0, 


.216 


18, 


,796 


0, 


.016 


-0, 


,268 


0, 


,024 


-0, 


,023 


-0 


.542 


0, 


,011 


MS 


2185- 


■53532- 


■154 


0, 


.267 


19, 


,689 


0, 


.020 


-0. 


,238 


0, 


,052 


0, 


,023 


-0, 


.510 


0, 


,018 


MS 


2185- 


■53532- 


■156 


0, 


.267 


19, 


,033 


0, 


.012 


-0, 


,250 


0, 


,027 


-0, 


,001 


-0, 


.527 


0, 


,011 


MS 


2185- 


■53532- 


■158 


0, 


.252 


18, 


,930 


0, 


.013 


-0, 


,257 


0, 


,024 


-0, 


,010 


-0, 


.558 


0, 


,012 


MS 


2185- 


■53532- 


■160 


0, 


.236 


19, 


,196 


0, 


.014 


-0. 


,259 


0, 


,032 


-0, 


,007 


-0, 


.545 


0, 


,013 


MS 


2185- 


■53532- 


■161 





.260 


19, 


,647 





.015 


-0, 


,286 


0, 


,048 


-0, 


,026 


-0 


.471 


0, 


,024 


MS 


2185- 


■53532- 


■167 





.224 


18, 


,742 


0, 


.015 


-0. 


,251 


0, 


,022 


-0, 


,008 


-0 


.531 


0, 


,011 


MS 


2185- 


■53532- 


■169 


0, 


.251 


19, 


,007 


0, 


.016 


-0. 


,305 


0, 


,027 


-0, 


,056 


-0, 


.541 


0, 


,012 


MS 


2185- 


■53532- 


■171 


0, 


.293 


19, 


,837 





.015 


-0. 


,017 


0, 


,055 


0, 


,246 


-0, 


.516 


0, 


,020 


MS 
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2185- 


■53532- 


-172 


0. 


,238 


18, 


.769 


0, 


.018 


-0. 


,278 


0. 


.021 


-0. 


.034 


-0, 


,522 


0. 


.011 


MS 


2185- 


■53532- 


-175 


0. 


.187 


18, 


.804 


0. 


.011 


-0. 


,277 


0. 


.026 


-0. 


.032 


-0. 


,529 


0. 


.010 


MS 


2185- 


■53532- 


-176 


0. 


,240 


18, 


.810 





.011 


-0. 


,300 


0. 


.024 


-0. 


.055 


-0. 


,514 


0. 


.009 


MS 


2185- 


■53532- 


-177 


0. 


,217 


18, 


.859 





.010 


-0. 


,294 


0. 


.024 


-0. 


.048 


-0. 


,522 


0. 


.010 


MS 


2185- 


■53532- 


-178 


0. 


,250 


19, 


.076 


0. 


.017 


-0. 


,268 


0. 


.028 


-0. 


.019 


-0. 


,547 


0. 


.010 


MS 


2185- 


■53532- 


-179 


0, 


,229 


18, 


,436 


0, 


.018 


-0. 


,262 


0. 


,018 


-0. 


,024 


-0. 


,527 


0. 


,008 


MS 


2185- 


■53532- 


■181 


0, 


,236 


18, 


,742 





.018 


-0. 


,324 


0. 


,024 


-0. 


,080 


-0. 


,520 


0. 


,012 


MS 


2185- 


■53532- 


-196 


0, 


,270 


19, 


,028 


0, 


.018 


-0. 


,258 


0. 


,033 


-0. 


,009 


-0. 


,522 


0. 


,013 


MS 


2185- 


■53532- 


-197 


0. 


,259 


19, 


,108 


0. 


.019 


-0. 


,282 


0. 


,035 


-0. 


,032 


-0. 


,534 


0. 


,015 


MS 


2185- 


■53532- 


-198 


0. 


,262 


18, 


,883 





.018 


-0. 


,276 


0. 


,025 


-0. 


,029 


-0. 


,523 


0. 


,009 


MS 


2185- 


■53532- 


-200 


0. 


,286 


19. 


,754 


0. 


.022 


-0. 


,174 


0. 


,047 


0. 


,088 


-0. 


,535 


0. 


,024 


MS 


2185- 


■53532- 


-390 


0, 


,263 


19. 


,372 


0, 


.018 


-0. 


,263 


0. 


,045 


-0. 


,008 


-0. 


,517 


0. 


,019 


MS 


2185- 


■53532- 


-393 


0, 


,375 


19. 


,913 


0, 


.025 


-0. 


,256 


0. 


,057 


0. 


,009 


-0. 


,514 


0. 


,023 


MS 


2185- 


■53532- 


-423 


0, 


,243 


18. 


,879 


0, 


.017 


-0. 


,278 


0. 


,018 


-0. 


,032 


-0. 


,534 


0. 


,010 


MS 


2185- 


■53532- 


-424 


0. 


,265 


19. 


,227 





.106 


-0. 


,259 


0. 


,022 


-0. 


,006 


-0. 


,540 


0. 


,009 


MS 


2185- 


■53532- 


-428 


0. 


,276 


19. 


,180 


0. 


.018 


-0. 


,235 


0. 


,028 


0. 


,016 


-0. 


,513 


0. 


,011 


MS 


2185- 


■53532- 


-430 


0. 


,296 


19. 


,686 





.020 


-0. 


,279 


0. 


,047 


-0. 


,019 


-0. 


,513 


0. 


,020 


MS 


2185- 


■53532- 


-431 


0, 


,288 


19. 


,867 


0, 


.018 


-0. 


,244 


0. 


,052 


0. 


,020 


-0. 


,505 


0. 


,020 


MS 


2185- 


■53532- 


■433 


0, 


,376 


19. 


,927 


0, 


.023 


-0. 


,260 


0. 


,050 


0. 


,005 


-0. 


,483 


0. 


,023 


MS 


2185- 


■53532- 


-435 


0, 


,245 


19. 


,031 


0, 


.011 


-0. 


,242 


0. 


,027 


0. 


,007 


-0. 


,519 


0. 


,013 


MS 


2185- 


■53532- 


-440 


0. 


,280 


19. 


,727 


0. 


.015 


-0. 


,269 


0. 


,045 


-0. 


,008 


-0. 


,507 


0. 


,018 


MS 


2185- 


■53532- 


-464 


0. 


,276 


19. 


,434 





.018 


-0. 


,261 


0. 


,036 


-0. 


,005 


-0. 


,523 


0. 


,015 


MS 


2185- 


■53532- 


-466 


0. 


,197 


18. 


,790 


0. 


.019 


-0. 


,219 


0. 


,025 


0. 


,025 


-0. 


,528 


0. 


,010 


MS 


2185- 


■53532- 


-469 


0. 


,233 


18. 


,983 


0. 


.010 


-0. 


,283 


0. 


,031 


-0. 


,035 


-0. 


,523 


0. 


,014 


MS 


2185- 


■53532- 


-473 


0, 


,266 


19. 


,259 


0, 


.015 


-0. 


,238 


0. 


,030 


0. 


,015 


-0. 


,535 


0. 


,012 


MS 


2185- 


■53532- 


-475 


0. 


,292 


18. 


,585 


0, 


.017 


-0. 


,257 


0. 


,020 


-0. 


,016 


-0. 


,515 


0. 


,008 


MS 


2185- 


■53532- 


-476 


0. 


,324 


19. 


,062 


0. 


.018 


-0. 


,210 


0. 


,026 


0. 


,040 


-0. 


,527 


0. 


,012 


MS 


2185- 


■53532- 


-477 


0. 


,311 


19. 


,570 





.019 


-0. 


,203 


0. 


,043 


0. 


,056 


-0. 


,503 


0. 


,016 


MS 


2185- 


■53532- 


-478 


0. 


,311 


19. 


,009 





.019 


-0. 


,193 


0. 


,024 


0. 


,056 


-0. 


,522 


0. 


,010 


MS 


2185- 


■53532- 


-479 


0. 


,331 


19. 


,447 


0. 


.018 


-0. 


,259 


0. 


,037 


-0. 


,003 


-0. 


,535 


0. 


,014 


MS 


2185- 


■53532- 


-480 


0. 


,300 


19. 


,678 


0. 


.020 


-0. 


,170 


0. 


,041 


0. 


,091 


-0. 


,500 


0. 


,018 


MS 
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Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2185- 


■53532- 


-483 


0. 


,265 


19, 


.130 


0, 


.014 


-0. 


.226 


0. 


.030 


0. 


.025 


-0, 


.526 


0. 


.012 


MS 


2185- 


■53532- 


-485 


0. 


.230 


18, 


.446 


0. 


.011 


-0. 


.284 


0. 


.012 


-0. 


.046 


-0. 


.528 


0. 


.007 


MS 


2185- 


■53532- 


-486 


0. 


,232 


19, 


.404 





.018 


-0. 


.242 


0. 


.035 


0. 


.013 


-0 


.521 


0. 


.014 


MS 


2185- 


■53532- 


-488 


0. 


,270 


19, 


.547 





.019 


-0. 


.214 


0. 


.040 


0. 


.044 


-0. 


.535 


0. 


.017 


MS 


2185- 


■53532- 


-489 


0. 


,217 


19, 


.029 


0. 


.013 


-0. 


.214 


0. 


.025 


0. 


.034 


-0. 


.497 


0. 


.011 


MS 


2185- 


■53532- 


-490 


0, 


,270 


19, 


,343 


0, 


.016 


-0. 


,202 


0. 


.029 


0. 


.053 


-0, 


.520 


0. 


.015 


MS 


2185- 


■53532- 


■494 


0, 


,287 


19, 


,210 





.013 


-0. 


,247 


0, 


.025 


0, 


.005 


-0 


.521 


0, 


.011 


MS 


2185- 


■53532- 


-495 


0, 


,230 


18, 


,657 


0, 


.012 


-0. 


,261 


0. 


.018 


-0. 


.019 


-0, 


.534 


0. 


.009 


MS 


2185- 


■53532- 


-496 


0. 


,332 


19, 


,899 


0. 


.020 


-0. 


,254 


0. 


.049 


0. 


.010 


-0 


.485 


0. 


.020 


MS 


2185- 


■53532- 


-497 


0. 


,320 


19, 


,585 





.025 


-0. 


,193 


0. 


.037 


0. 


.066 


-0, 


.486 


0. 


.017 


MS 


2185- 


■53532- 


-498 


0. 


,267 


18. 


,689 


0. 


.010 


-0. 


,257 


0. 


.017 


-0. 


.015 


-0. 


.537 


0. 


.008 


MS 


2185- 


■53532- 


-499 


0, 


,229 


18. 


,733 


0, 


.015 


-0. 


,253 


0. 


.021 


-0. 


.009 


-0, 


.540 


0. 


.009 


MS 


2185- 


■53532- 


-500 


0, 


194 


19. 


,108 


0, 


.027 


-0. 


,252 


0. 


.012 


-0. 


.002 


-0 


.518 


0. 


.007 


MS 


2185- 


■53532- 


-504 


0, 


,225 


18. 


,726 


0, 


.021 


-0. 


,258 


0. 


.017 


-0. 


.014 


-0, 


.508 


0. 


.008 


MS 


2185- 


■53532- 


-507 


0. 


,301 


19. 


,165 


0. 


.015 


-0. 


,170 


0. 


.024 


0. 


.082 


-0 


.533 


0. 


.011 


MS 


2185- 


■53532- 


-508 


0. 


,167 


18. 


,999 


0. 


.014 


-0. 


,190 


0. 


.022 


0. 


.058 


-0 


.522 


0. 


.010 


MS 


2185- 


■53532- 


-511 


0. 


,292 


19. 


,856 





.022 


-0. 


,243 


0. 


.040 


0. 


.021 


-0, 


.456 


0. 


.015 


MS 


2185- 


■53532- 


-513 


0, 


,272 


18. 


,920 


0, 


.012 


-0. 


,252 


0, 


.020 


-0. 


.005 


-0, 


.508 


0. 


.010 


MS 


2185- 


■53532- 


-514 


0, 


,254 


19. 


,263 


0, 


.016 


-0. 


,250 


0. 


.026 


0. 


.003 


-0, 


.521 


0. 


.012 


MS 


2185- 


■53532- 


-515 


0, 


,236 


18. 


,936 


0, 


.013 


-0. 


,250 


0. 


.021 


-0. 


.003 


-0, 


.540 


0. 


.011 


MS 


2185- 


■53532- 


-516 


0. 


,298 


19. 


,869 


0. 


.017 


-0. 


,226 


0. 


.051 


0. 


.038 


-0 


.491 


0. 


.022 


MS 


2185- 


■53532- 


-517 


0. 


,315 


19. 


,904 





.019 


-0. 


,187 


0. 


.043 


0. 


.078 


-0, 


.469 


0. 


.020 


MS 


2185- 


■53532- 


-519 


0. 


,231 


18. 


,973 


0. 


.012 


-0. 


,203 


0. 


.019 


0. 


.045 


-0, 


.536 


0. 


.011 


MS 


2185- 


■53532- 


-534 


0. 


,281 


18. 


,601 


0. 


.019 


-0. 


,241 


0. 


.015 


0. 


.000 


-0. 


.525 


0. 


.008 


MS 


2185- 


■53532- 


-537 


0, 


,258 


18. 


,767 


0, 


.016 


-0. 


,228 


0. 


.019 


0. 


.016 


-0, 


.533 


0. 


.010 


MS 


2185- 


■53532- 


-539 


0. 


,278 


19. 


,508 


0, 


.021 


-0. 


,217 


0. 


.038 


0. 


.040 


-0, 


.494 


0. 


.014 


MS 


2185- 


■53532- 


-540 


0. 


,253 


19. 


,204 


0. 


.020 


-0. 


,257 


0. 


.030 


-0. 


.005 


-0. 


.518 


0. 


.014 


MS 


2185- 


■53532- 


-541 


0. 


,323 


19. 


,867 





.024 


-0. 


,196 


0. 


.051 


0. 


.068 


-0 


.530 


0. 


.019 


MS 


2185- 


■53532- 


-542 


0. 


,312 


19. 


,432 





.017 


-0. 


,263 


0. 


.034 


-0. 


.007 


-0. 


.530 


0. 


.013 


MS 


2185- 


■53532- 


-544 


0. 


,243 


18. 


,847 


0. 


.011 


-0. 


,249 


0. 


.022 


-0. 


.003 


-0. 


.526 


0. 


.010 


MS 


2185- 


■53532- 


-545 


0. 


,292 


19. 


,061 


0. 


.021 


-0. 


,230 


0. 


.023 


0. 


.019 


-0. 


.513 


0. 


.010 


MS 
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spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2185- 


■53532- 


-546 


0. 


,320 


19, 


.915 


0, 


.017 


-0. 


,247 


0. 


.043 


0. 


.018 


-0, 


.464 


0. 


.021 


MS 


2185- 


■53532- 


-547 


0. 


.360 


19, 


.909 





.024 


-0. 


,259 


0. 


.042 


0. 


.006 


-0. 


.483 


0. 


.015 


MS 


2185- 


■53532- 


-548 


0. 


,361 


19, 


.959 





.023 


-0. 


,124 


0. 


.044 


0. 


.142 


-0. 


.545 


0. 


.025 


MS 


2185- 


■53532- 


-549 


0. 


,382 


19, 


.507 





.018 


-0. 


,276 


0. 


.034 


-0. 


.018 


-0. 


.460 


0. 


.017 


MS 


2185- 


■53532- 


-550 


0. 


,286 


19, 


.738 


0. 


.019 


-0. 


,189 


0. 


.042 


0. 


.073 


-0. 


.486 


0. 


.017 


MS 


2185- 


■53532- 


-551 


0, 


,310 


19, 


,909 


0, 


.022 


-0. 


143 


0. 


,045 


0. 


,122 


-0, 


.465 


0. 


,020 


MS 


2185- 


■53532- 


■552 


0, 


,251 


18, 


,899 





.012 


-0. 


,252 


0. 


,024 


-0. 


,005 


-0 


.522 


0. 


,011 


MS 


2185- 


■53532- 


-555 


0, 


,303 


19, 


,342 


0, 


.019 


-0. 


,224 


0. 


,029 


0. 


,031 


-0, 


.515 


0. 


,012 


MS 


2185- 


■53532- 


-556 


0. 


,281 


19, 


,376 


0. 


.018 


-0. 


,238 


0. 


,029 


0. 


,017 


-0. 


.547 


0. 


,013 


MS 


2185- 


■53532- 


-557 


0. 


,266 


18, 


,690 





.014 


-0. 


,291 


0. 


,018 


-0. 


,048 


-0 


.529 


0. 


,009 


MS 


2185- 


■53532- 


-558 


0. 


,264 


18. 


,577 


0. 


.009 


-0. 


,262 


0. 


,016 


-0. 


,022 


-0. 


.516 


0. 


,008 


MS 


2185- 


■53532- 


-559 


0, 


,254 


18. 


,915 


0, 


.011 


-0. 


,277 


0. 


,024 


-0. 


,030 


-0, 


.518 


0. 


,009 


MS 


2185- 


■53532- 


-560 


0, 


,261 


18. 


,421 


0, 


.013 


-0. 


,256 


0. 


,014 


-0. 


,018 


-0, 


.535 


0. 


,007 


MS 


2185- 


■53532- 


-575 


0, 


,349 


19. 


,769 


0, 


.024 


-0. 


,209 


0. 


,050 


0. 


,053 


-0, 


.542 


0. 


,018 


MS 


2185- 


■53532- 


-577 


0. 


,260 


19. 


,163 





.017 


-0. 


,253 


0. 


,023 


-0. 


,002 


-0 


.515 


0. 


,011 


MS 


2185- 


■53532- 


-581 


0. 


,296 


19. 


,299 


0. 


.018 


-0. 


,228 


0. 


,030 


0. 


,026 


-0, 


.515 


0. 


,012 


MS 


2185- 


■53532- 


-584 


0. 


,199 


19. 


,257 





.014 


-0. 


,196 


0. 


,029 


0. 


,057 


-0 


.522 


0. 


,012 


MS 


2185- 


■53532- 


-585 


0, 


,290 


19. 


,137 


0, 


.014 


-0. 


,245 


0. 


,026 


0. 


,006 


-0, 


.501 


0. 


,012 


MS 


2185- 


■53532- 


-587 


0, 


,293 


19. 


,806 


0, 


.023 


-0. 


,163 


0. 


,051 


0. 


,100 


-0, 


.498 


0. 


,021 


MS 


2185- 


■53532- 


-589 


0, 


,241 


18. 


,974 


0, 


.012 


-0. 


,238 


0. 


,022 


0. 


,010 


-0, 


.529 


0. 


,012 


MS 


2185- 


■53532- 


-591 


0. 


,228 


18. 


,773 


0. 


.013 


-0. 


,245 


0. 


,020 


-0. 


,001 


-0 


.526 


0. 


,010 


MS 


2185- 


■53532- 


-592 


0. 


,247 


19. 


,454 





.015 


-0. 


,284 


0. 


,032 


-0. 


,028 


-0, 


.515 


0. 


,016 


MS 


2185- 


■53532- 


-593 


0. 


,229 


18. 


,893 


0. 


.012 


-0. 


,248 


0. 


,023 


-0. 


,001 


-0. 


.525 


0. 


,009 


MS 


2185- 


■53532- 


-594 


0. 


,293 


19. 


,523 


0. 


.023 


-0. 


,188 


0. 


,033 


0. 


,070 


-0. 


.517 


0. 


,017 


MS 


2185- 


■53532- 


-596 


0, 


,357 


19. 


,876 


0, 


.020 


-0. 


,301 


0. 


,042 


-0. 


,036 


-0, 


.494 


0. 


,022 


MS 


2185- 


■53532- 


■598 


0. 


,262 


19. 


,415 


0, 


.020 


-0. 


,201 


0. 


,032 


0. 


,055 


-0, 


.528 


0. 


,016 


MS 


2185- 


■53532- 


-599 


0. 


,263 


19. 


,391 


0. 


.017 


-0. 


,180 


0. 


,036 


0. 


,075 


-0. 


.508 


0. 


,015 


MS 


2185- 


■53532- 


-600 


0. 


,303 


19. 


,845 





.019 


-0. 


,234 


0. 


,051 


0. 


,030 


-0 


.471 


0. 


,019 


MS 


2255- 


■53565- 


-436 


0. 


,369 


20. 


,193 





.022 


-0. 


,018 


0. 


,050 


0. 


,251 


-0. 


.423 


0. 


,016 


MS 


2255- 


■53565- 


-518 


0. 


,456 


20. 


,561 





.035 


-0. 


,159 


0. 


,038 


0. 


,117 


-0. 


.370 


0. 


,014 


MS 



M3 
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2475- 


■53845- 


■145 


0, 


.567 


15, 


,116 


0, 


.006 


-0, 


,096 


0, 


,015 


-0, 


,032 


-0, 


.468 


0, 


,006 


AGB 


2475- 


■53845- 


■150 


0, 


.635 


14. 


,933 





.006 


-0. 


.156 


0, 


,013 


-0, 


,115 


-0, 


.425 


0, 


,005 


AGB 


2475- 


■53845- 


■162 





.590 


15, 


,176 





.022 


-0. 


,113 


0, 


,016 


-0, 


,042 


-0 


.425 


0, 


,007 


AGB 


2475- 


■53845- 


■173 





.636 


15, 


,115 





.007 


-0. 


,125 


0, 


,014 


-0, 


,061 


-0, 


.409 


0, 


,005 


AGB 


2475- 


■53845- 


■199 


0, 


.633 


14, 


,936 


0, 


.010 


-0. 


.024 


0, 


,015 


0, 


,017 


-0, 


.434 


0, 


,006 


AGB 


2475- 


■53845- 


■463 


0, 


.578 


15, 


,139 


0, 


.008 


-0, 


150 


0, 


,012 


-0, 


,083 


-0, 


.455 


0, 


,006 


AGB 


2475- 


■53845- 


■471 





.576 


15, 


,103 





.005 


-0, 


,071 


0, 


,012 


-0, 


,009 


-0 


.471 


0, 


,005 


AGB 


2475- 


■53845- 


■479 


0, 


.603 


14, 


,984 


0, 


.012 


-0, 


,138 


0, 


,010 


-0, 


,091 


-0, 


.439 


0, 


,005 


AGB 


2475- 


■53845- 


■486 





.569 


14, 


,507 





.014 


0. 


,168 


0, 


,011 


0, 


,155 


-0, 


.349 


0, 


,004 


AGB 


2475- 


■53845- 


■506 





.658 


14, 


,816 





.005 


-0. 


,082 


0, 


,008 


-0, 


,056 


-0 


.398 


0, 


,004 


AGB 


2475- 


■53845- 


■511 


0, 


.613 


15. 


,134 


0, 


.005 


-0. 


.136 


0, 


,012 


-0, 


,069 


-0, 


.408 


0, 


,005 


AGB 


2475- 


■53845- 


■118 





.485 


17, 


,492 


0, 


.015 


-0, 


,229 


0, 


,092 


0, 


,134 


-0, 


.443 


0, 


,030 


RGB 


2475- 


■53845- 


■183 


0, 


.575 


16, 


,382 


0, 


.011 


-0, 


,244 


0, 


,032 


-0, 


,021 


-0, 


.371 


0, 


,013 


RGB 


2475- 


■53845- 


■185 


0, 


.508 


17, 


,131 


0, 


.011 


-0, 


,101 


0, 


,067 


0, 


,217 


-0, 


.398 


0, 


,023 


RGB 


2475- 


■53845- 


■192 


0, 


.574 


16, 


,891 





.024 


-0. 


,162 


0, 


,052 


0, 


,126 


-0 


.394 


0, 


,021 


RGB 


2475- 


■53845- 


■200 


0, 


.508 


17, 


,238 


0, 


.009 


0. 


,034 


0, 


,069 


0, 


,365 


-0, 


.385 


0, 


,021 


RGB 


2475- 


■53845- 


■430 





.523 


17, 


,342 





.024 


0. 


,003 


0, 


,071 


0, 


,347 


-0, 


.443 


0, 


,021 


RGB 


2475- 


■53845- 


■469 


0, 


.528 


16, 


,634 





.007 


-0, 


,017 


0, 


,032 


0, 


,238 


-0, 


.387 


0, 


,013 


RGB 


2475- 


■53845- 


■487 


0, 


.486 


17, 


,760 


0, 


.006 


-0, 


,256 


0, 


,098 


0, 


,141 


-0, 


.438 


0, 


,030 


RGB 


2475- 


■53845- 


■501 


0, 


.550 


16, 


,335 


0, 


.007 


-0, 


,063 


0, 


,028 


0, 


,154 


-0, 


.375 


0, 


,010 


RGB 


2475- 


■53845- 


■507 


0, 


.491 


17, 


,033 


0, 


.005 


-0. 


,129 


0, 


,052 


0, 


,177 


-0, 


.401 


0, 


,018 


RGB 


2475- 


■53845- 


■550 





.461 


17, 


,683 





.017 


-0. 


,163 


0, 


,076 


0, 


,224 


-0, 


.395 


0, 


,026 


RGB 


2475- 


■53845- 


■557 


0, 


.545 


16, 


,703 


0, 


.006 


0. 


,077 


0, 


,042 


0, 


,340 


-0, 


.397 


0, 


,012 


RGB 


2475- 


■53845- 


■116 


0, 


.714 


15, 


,109 


0, 


.014 


-0. 


,014 


0, 


,015 


0, 


,049 


-0, 


.331 


0, 


,006 


RGB 


2475- 


■53845- 


■119 


0, 


.608 


16, 


,003 


0, 


.004 


-0, 


,177 


0, 


,031 


-0, 


,002 


-0, 


.350 


0, 


,009 


RGB 


2475- 


■53845- 


■120 


0, 


.575 


16, 


,254 


0, 


.005 


-0. 


,221 


0, 


,033 


-0, 


,013 


-0, 


.361 


0, 


,011 


RGB 


2475- 


■53845- 


■141 


0, 


.676 


15, 


,471 


0, 


.022 


-0. 


,099 


0, 


,028 


0, 


,009 


-0, 


.332 


0, 


,010 


RGB 


2475- 


■53845- 


■142 





.672 


15, 


,427 





.014 


-0. 


,058 


0, 


,022 


0, 


,045 


-0 


.335 


0, 


,009 


RGB 


2475- 


■53845- 


■143 





.631 


15, 


,621 





.010 


-0. 


,166 


0, 


,024 


-0, 


,038 


-0 


.336 


0, 


,009 


RGB 


2475- 


■53845- 


■144 


0, 


.624 


15, 


,915 


0, 


.005 


-0. 


.169 


0, 


,030 


-0, 


,004 


-0, 


.339 


0, 


,011 


RGB 


2475- 


■53845- 


■160 


0, 


.602 


15, 


,631 


0, 


.020 


-0. 


,200 


0, 


,022 


-0, 


,071 


-0 


.349 


0, 


,009 


RGB 
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Table 3 — Continued 



spSpec name {g - r)o g ag S(3839) 0-3(3839) 5S(3839) CH(4300)l ctch(4300) Type 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2475- 


■53845- 


-171 


0, 


.684 


15, 


.421 


0, 


.005 


-0. 


,076 


0, 


,028 


0, 


,027 


-0, 


.331 


0, 


,010 


RGB 


2475- 


■53845- 


-176 


0, 


.740 


14. 


.720 





.013 


-0. 


.089 


0, 


,013 


-0, 


,075 


-0 


.353 


0, 


,006 


RGB 


2475- 


■53845- 


-177 





.596 


15. 


.806 


0, 


.005 


0. 


,129 


0, 


,027 


0, 


,280 


-0 


.338 


0, 


,009 


RGB 


2475- 


■53845- 


-178 





.624 


15. 


.715 





.013 


-0. 


,191 


0, 


,025 


-0, 


,052 


-0, 


.347 


0, 


,009 


RGB 


2475- 


■53845- 


-186 


0, 


.688 


15. 


.265 


0, 


.006 


-0. 


.108 


0, 


,021 


-0, 


,025 


-0, 


.331 


0, 


,008 


RGB 


2475- 


■53845- 


-196 


0, 


.645 


15, 


,513 


0, 


.011 


-0. 


125 


0, 


,019 


-0, 


,011 


-0, 


.342 


0, 


,007 


RGB 


2475- 


■53845- 


■198 





.711 


15, 


,040 





.016 


0, 


,270 


0, 


,016 


0, 


,324 


-0 


.389 


0, 


,006 


RGB 


2475- 


■53845- 


-421 


0, 


.755 


14, 


,656 


0, 


.014 


0, 


,007 


0, 


,012 


0, 


.013 


-0, 


.348 


0, 


.005 


RGB 


2475- 


■53845- 


-436 


0, 


.724 


14, 


.956 


0, 


.011 


0. 


,314 


0, 


,018 


0, 


.357 


-0 


.346 


0, 


.007 


RGB 


2475- 


■53845- 


-440 





.686 


15, 


.039 





.010 


0. 


,245 


0, 


,018 


0, 


.299 


-0 


.380 


0, 


.006 


RGB 


2475- 


■53845- 


-461 


0, 


.641 


15. 


.477 


0, 


.009 


-0. 


.147 


0, 


,018 


-0, 


.037 


-0, 


.373 


0, 


.007 


RGB 


2475- 


■53845- 


-466 


0, 


.650 


15, 


,360 


0, 


.012 


-0. 


,127 


0, 


,018 


-0, 


,033 


-0, 


.379 


0, 


,006 


RGB 


2475- 


■53845- 


-473 


0, 


.681 


14, 


,981 


0, 


.005 


0. 


,202 


0, 


,013 


0, 


,249 


-0, 


.373 


0, 


,005 


RGB 


2475- 


■53845- 


-475 


0, 


.636 


15, 


.547 


0, 


.004 


-0. 


,085 


0, 


.016 


0, 


.033 


-0, 


.374 


0, 


.006 


RGB 


2475- 


■53845- 


-480 





.638 


15, 


.350 





.007 


0. 


,204 


0, 


.020 


0, 


.297 


-0 


.393 


0, 


.006 


RGB 


2475- 


■53845- 


-483 





.753 


14, 


.470 


0, 


.010 


0. 


,300 


0, 


.013 


0, 


.282 


-0, 


.389 


0, 


.005 


RGB 


2475- 


■53845- 


-488 





.602 


15, 


.680 





.005 


-0. 


,138 


0, 


.020 


-0, 


.003 


-0, 


.360 


0, 


.009 


RGB 


2475- 


■53845- 


-489 





.685 


15, 


,342 


0, 


.011 


0. 


,274 


0, 


,018 


0, 


,366 


-0, 


.368 


0, 


,006 


RGB 


2475- 


■53845- 


■496 





.677 


15, 


,134 


0, 


.005 


-0. 


,075 


0, 


,015 


-0, 


,009 


-0, 


.362 


0, 


,005 


RGB 


2475- 


■53845- 


-497 


0, 


.677 


15, 


.078 


0, 


.013 


-0. 


,043 


0, 


.014 


0, 


.016 


-0, 


.345 


0, 


.006 


RGB 


2475- 


■53845- 


-498 


0, 


.667 


15, 


.368 


0, 


.005 


0. 


,178 


0, 


.018 


0, 


.273 


-0, 


.377 


0, 


.006 


RGB 


2475- 


■53845- 


-509 





.640 


15, 


.615 





.006 


-0. 


,119 


0, 


.015 


0, 


.008 


-0, 


.345 


0, 


.007 


RGB 


2475- 


■53845- 


-514 


0, 


.570 


16, 


.109 


0, 


.005 


0. 


,017 


0, 


.025 


0, 


.206 


-0, 


.350 


0, 


.009 


RGB 


2475- 


■53845- 


-515 





.649 


15, 


.384 


0, 


.005 


0. 


,216 


0, 


.020 


0, 


.313 


-0, 


.394 


0, 


.006 


RGB 


2475- 


■53845- 


-518 





.728 


15, 


,058 


0, 


.004 


0. 


,020 


0, 


,015 


0, 


,076 


-0, 


.334 


0, 


,005 


RGB 


2475- 


■53845- 


-519 





.604 


15, 


.947 


0, 


.007 


-0. 


,186 


0, 


.019 


-0, 


.017 


-0, 


.354 


0, 


.009 


RGB 


2475- 


■53845- 


-520 


0, 


.599 


16, 


.177 


0, 


.008 


-0. 


,184 


0, 


.024 


0, 


.014 


-0, 


.344 


0, 


.009 


RGB 


2475- 


■53845- 


-551 





.686 


15, 


.296 





.007 


-0. 


,082 


0, 


.016 


0, 


.005 


-0 


.351 


0, 


.006 


RGB 


2475- 


■53845- 


-558 





.602 


16, 


.075 





.004 


-0. 


,155 


0, 


.024 


0, 


.030 


-0 


.368 


0, 


.008 


RGB 


2475- 


■53845- 


-559 





.627 


15, 


.713 





.006 


-0. 


,128 


0, 


.018 


0, 


.011 


-0, 


.353 


0, 


.007 


RGB 



M71 



Table 3 — Continued 



spSpcc name 


(a ~ r)o 


9 


0"9 


S(3839) 


'^S{3839) 


<5S(3839) CH{4300)l 


'^CH{4300) 


Type 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


2338-53683-186 


0.628 


15.236 


0.005 


-0.206 


0.024 


-0.018 


-0.307 


0.010 


RGB 


2338-53683-199 


0.628 


15.533 


0.005 


-0.062 


0.040 


0.191 


-0.312 


0.012 


RGB 


2333-53682-191 


0.770 


14.282 


0.007 


-0.046 


0.030 


-0.067 


-0.302 


0.007 


RGB 


2333-53682-193 


0.614 


14.170 


0.006 


0.198 


0.020 


0.152 


-0.380 


0.006 


RGB 


2333-53682-198 


0.644 


14.494 


0.006 


0.376 


0.035 


0.401 


-0.334 


0.009 


RGB 


2333-53682-228 


0.658 


14.357 


0.007 


0.200 


0.025 


0.196 


-0.354 


0.007 


RGB 


2333-53682-229 


0.657 


14.488 


0.004 


0.160 


0.023 


0.184 


-0.338 


0.007 


RGB 


2338-53683-200 


0.649 


14.561 


0.013 


-0.003 


0.019 


0.037 


-0.319 


0.006 


RGB 



Note. — Line index values derived from adopted cluster member stars. Column 1 lists the 
spSpec name, which identifies the star on the spectral plate in the form of spectroscopic plug- 
plate number (four digits), Modified Julian Date (five digits), and fiber used (three digits), while 
Columns 2, 3, and 4 list the {g—r)o and go photometry. Column 5 lists the ra w S(3839) CN index , 



which for AGB, RGB, and SGB stars was calculated using the definition fr om 
and for MS stars was calculated using the definition from 



Harbeck et al 



Norris et al. 



i 2003al) . and column i 



I l98lh 



lists the corresponding uncertainties. Column 7 gives the temperature-corrected CN index, and 
columns 8 and 9 list the CH indices and corresponding uncertainties. Column 10 indicates the 
luminosity class. 

(This table is available in its entirety in machine-readable and Virtual Observatory (VO) forms 
in the online journal. A portion is shown here for guidance regarding its form and content.) 
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Table 4. Individual Cluster RGB CN Number Ratios 



Cluster 


N, 


N„ 


r 


M92 


(12) 


24 (12) 


0.00 (1.00) 


M15 


(23) 


32 (9) 


0.00 (2.56) 


NGC 5053 


0(9) 


13 (4) 


0.00 (2.25) 


M53 


5 


8 


0.62 


M2 


21 


6 


3.50 


M13 


90 


21 


4.29 


M3 


22 


28 


0.79 


M71 


5 


3 


1.67 



Note. — Number of CN-strong (Ns) and CN- 
weak (Nto) stars, and CN number ratios, for 
RGB stars from individual GCs in our sample. 
Values in parentheses for M92 and M15 repre- 
sent the groupings based on the proposed divi- 
sions described in the text. 
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Table 5. Literature CN Number Ratios 



Sample 


N 


{Mv) 


(r) 


Kavser et al. (2008") 


8 


-6.19 


0.61 


Pancino et al. (2010) 


12 


-7.84 


0.82 


This study 


8 


-8.12 


1.36 


Smith & Mateo fl990) 


16 


-8.21 


1.72 



Note. — Mean CN number ratios from four 
samples of GCs as a function of absolute inte- 
grated magnitude. indicates the number of 
clusters included in each sample. 
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Fig. 1. — Color-magnitude diagrams for the four globular clusters in our sample with [Fe/H] 
< —2.0: M92, M15, NGC 5053, and M53. The black points represent photometric data for 
likely cluster members that passed the tidal radius and CMD mask algorithm cuts. The red 
points correspond to spectroscopic data for our selected true cluster members. 
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Fig. 2. — Same as Figure [Tj but for the four globular clusters in our sample with [Fe/H] 
> -2.0: M2, M13, M3, and M71. Membership selection for M71 was slightly different, as 
described in Section [2l thus more photometric data is present in the CMD for this cluster. 
The black points for this cluster do not all represent likely cluster members. 
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Fig. 3. — Representative blue SDSS spectra of CN-weak (red thin line; fiber 2475-53845-160) 
and CN-strong (black thick line; fiber 2475-53845-489) RGB stars in M3. The areas between 
the dashed vertical lines indicate the portions of the spectrum used in measuring 8(3839)^^. 
Other prominent spectral features are labeled. 
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Fig. 4. — Generalized histograms for the (5S(3839)n distributions of RGB stars within each 
globular cluster. The bottom-left panel shows an example of the way 58 (3839) n was deter- 
mined, as described in Section [Sj where the baseline against which 5S(3839)n was measured 
is shown as a solid line. 
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Fig. 5. — Raw S(3839)n values versus absolute (^-magnitude for seven 0.1-dex-wide metallicity 
bins for the cluster RGB stars in our sample. The top number in the upper-left corner of each 
panel indicates the maximum metallicity for each bin, while the bottom number indicates 
the slope of the fit to the CN-strong locus. Red points indicate stars that were identified 
as CN-strong within their respective clusters, while blue points indicate stars identified as 
CN-weak. 
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Fig. 6. — The distributions of 5S(3839)n as a f unction of absolute ^ q- magnitude for RGB and 
SGB stars, using the CN index definition from iNorris et aLI (119811) . Blue triangles represent 
SGB stars and red circles indicate RGB stars. CN strong stars are shown using filled symbols, 
while the open symbols represent CN weak stars. The black points in M3 are AGB stars. 
Typical uncertainties are indicated by the vertical line in the upper right corner. Clusters 
are arranged in order of increasing [Fe/H]. 
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Fig. 7. — Generalized histogram for the combined (sohd black l ine) (^SfSSSQliy data s ets for 



Martell et al 



fl2008bl ) (blue 



RGB stars in M53 from our sample (red dashed line) and that of [ 
dotted line). This distribution suggests that while there is a prominent CN-weak group, a 
group of CN-strong stars also exists in this cluster. 
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Fig. 8. — Generalized histograms for RGB stars in the very metal-p oor clusters M9 2 , M15 , 



and NGC 5053, along with NGC 5466 ([Fe/H] = -2.2), taken from iShetrone et al 



teoioh . 



The blue solid line is the data, while the black dashed line represents the single Gaussian 
that best fit the distribution. The inset shows the residual between this best-fit curve and 
the data; the double-peaked nature of the residual may suggest that the data may be best 
represented by two overlapping Gaussian distributions. 
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Fig. 9. — Distribution of (5S(3839)h as a function of absolute (^-magnitude for MS and SGB 
stars from clu s ters w ith SEGUE spectra on the MS, using the CN index definition from 



Harbeck et al 



(l2003af ). Blue open circles represent SGB stars and red filled circles represent 
MS stars. Plotted as insets for each cluster are the distributions of (5S(3839)h as a function 
of (S/N). This is done to demonstrate that the large scatter of CN absorption strength on 
the MS may simply be due to low S/N. Typical uncertainties are indicated by the vertical 
line in the upper right corner. Clusters are arranged in order of increasing [Fe/H]. 
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Fig. 10. — Generalized histograms for the 5S(3839)h distributions of MS stars within each 
globular cluster for which SEGUE spectra exist on the MS. 5S(3839)h on the MS is calculated 
in the same way as for RGB stars. No indication of bimodality is apparent. 
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Fig. 11. — Generalized histograms for the 5S(3839)n distributions of SGB stars within each 
globular cluster for which SEGUE spectra exist on the SGB. The solid blue curves are 
the generalized histograms for each cluster. A simple Gaussian fit to the distribution is 
overplotted as a dashed black line, and the red dotted curves are generalized histograms for 
the groups we might presume to be CN-strong and CN-weak, taken separately. The inset 
box shows the difference between the blue generalized histogram for the entire sample of 
SGB stars and the simple Gaussian fit. The small bump on the CN-strong side represents 
one star and cannot be confidently assigned to any presumed CN-strong group. 
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Fig. 12. — Region divisions for the color-magnitude diagram of M92 are shown in the left 
panel, while the right panel shows the generalized histograms of the 5S(3839) distribution 
within each unshaded region. The solid black lines in the histograms represent the smoothed 
distribution, with the smoothing factor given in the upper-left corner, while the dashed red 
lines represent the unsmoothed distribution. The multipliers listed in the upper left corner 
of the right-hand set of panels indicate the amount of smoothing employed (see text). The 
HB stars were not included in the analysis. 
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Fig. 15. — Same as Figure fT2] but for M13. This cluster had data sampled above the RGB 
bump, shown in panel (a) of the right-hand set of panels. More than the other clusters, 
M13 shows a steady progression of increasing CN richness as one moves up the RGB. The 
small bump at 58(3839) ~ 0.0 in the top unsmoothed histogram corresponds to an AGB 
star, identified later as such by its u — g color. 
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Fig. 16. — CH bandstrength measurement windows for four popular index definitions, shown 
for a typical M3 red giant spectrum (fiber 2475-53845-489). The blue line on each spectrum 
indicates the line band while the red lines indicate the continuum windows used for compar- 
ison. The CH G-band is indicated, along with two hydrogen Balmer lines for reference. 
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Fig. 17. — CH absorption strength versus 5S(3839)n for RGB stars in our sample. Red filled 
circles are CN-strong stars and black open circles are CN-weak stars. In most clusters, a 
tre nd fr o m CH -strong/CN-weak to CH-weak/CN-strong is seen. The subscript 'L' indicates 



the 



Led mm definition. 
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Fig. 18. — CH absorption strength as a function of luminosity, with blue triangles corre- 
sponding to SGB stars while red circles are RGB stars. Filled symbols represent CN-strong 
stars, while open symbols represent CN-weak stars. 
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Fig. 19.— Illustration of CH scatter on the RGBs of M92 (top), M15 (middle), and NGC 5053 
(bottom). We have made a proposed CN-strong/weak cut at 5S(3839)n=0.0, based on a 
simple linear fit to the raw RGB S(3839)n values, and have plotted the CH abundance of 
CN-strong (filled circles) and CN-weak (open circle s) stars in each panel. T he vertical dashed 
line is the location of the RGB bump, drawn from 



Fusi Pecci et al 



mm 



- 78 - 



-0.4 



M92 



M15 



o 

o -0.5 

CO 

u 



o 



o 



o % 



A 



A A 




o 



-0.6 



-0.4 



o 
o 

o 



-0.5 



-0.6 



M2 



5 



A A 



M„ 



- Ml 3 

O 



A 



A 



A 




CN-Strong CN-Weak- 
MS • O - 

SGB A, A - 



4 



M 



Fig. 20. — CH absorption strength versus Mg for MS and SGB stars. Approximate divisions 
are made to indicate those stars that are higher (filled symbols) and lower (open symbols) 
than the mean for CN absorption. No anticorrelation is seen. 
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Fig. 21. — The number ratio of CN-strong to CN-weak stars (designated as r) plotted 
against various cluster parameters. The filled circles represent the adopted ratios for each 
cluster, while the open triangles representing M92 and M15 if we were to make the proposed 
divisions and identify relatively CN-strong and CN-weak stars in each. The Spearman rank 
correlation coefficients are given in the upper-left corners of each panel; the top numbers 
correspond to the correlation coefficient using the r values from the proposed M92 and M15 
divisions (triangles), while the bottom numbers correspond to the distribution using r — 
for M92 and M15. 
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Fig. 22. — The number ratio of CN-strong to CN-weak stars plotted against central ve- 
locity dispers i on, ab solute V magnitude, and total cluste r mass , combined with data from 



Kayser et al 



(120081 ) (blue triangles) and 



Smith &: Mated (Il990l ) (red squares). The Spear- 



man rank correlation coefficients for the r-a relation are given in the upper-left corners 
and correspond the same way as in Figure [2TJ A correlation is seen when using the 
CN di vision in M92 and M15. Absolute magnitudes are drawn from the 20 10 revision 



of the 



Harris! (19961) catalog, while masses are drawn from 



Mandushev et al. 
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